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Antes. Bcd/7seg conVHDL

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY bed IS PORT (
ig, il, i2, i3: IN STD LOGIC;
a, b, ¢, d, &, £, g: OUT STD_LOGIC);

END beod;

ARCHITECTURE Dataflow OF bod IS

BEGIN
a <= i3 OR i1 OR (12 XNOR 10); -
b < (NOT i2) OR NOT (i1 X¥OR 10); -
c <= 1iZ OR (NOT il) OR 1i0; -
d <= (11 AND NOT 10) OR (NOT 12 AND MNOT 10) ——

DR (HOT 12 AND 11) O (12 AND HOT 11 AND 10 ;

e <= (i1l AND NOT i0) OR (NOT i2 AND NOT i0); -
f <= i3 OR (iZ AND NOT il) -—

R (12 AND MNOT 10) O (MOT 11 AND NOT 100 ;
g <= i3 OR (iZ XOR il) OR (il AND NOT i0Q); -=
END Dataflow:
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Dataflow VHDL code of the BCD to 7-segment decoder.




Utilizando case,
NI

procesos y vector
cial

LIBEARY IEEE;
USE IEEE.STD LOGIC 11&4.ALL:

ENTITY bed IS PORT |
I: IN STD LOGIC VECTOR (3 DOWNTD Q)
Segs: OUT STD LOGIC VECTOR (1 TO 7)):»
END becdr

Marme: l 100.0ns 200.0ns 300.0ns 4000ns 500.0ns B00.0ns 700.0ns B00.0ns S000ns 1.0
ARCHITECTURE Behavioral OF bed IS =2
BECTH i | B ¥ 1 ¥ 2 ¥ 3a ¥ 1 ¥ 8 ¥ g ¥y f£fag Y 9
PROCESS (I) & Segs [1111110§0110000)1101101 1111001 ¥0110011 51011011 1011111 ¥1110000§1111111 1110011
BEGIN
CASE I IS A sample simulation trace of the behavioral 7-sesment decoder code.
WHEN "0000" => Segs <= "1111110";
WHEN "0Q001" => Segs <= "0110000";
WHEN "0Q010" => Segs <= "1101101";
WHEN "0011"™ => Segs <= "1111001";
WHEN "Q100" => Segs <= "0QLl10011";
WHEN "0101" => Segs <= "1011011";
WHEW "0110" => Segs <= "1011111";
WHEN "0111" => Segs <= "1110000"%;

o

WHEN "1000" => Segs <= "1111111";
WHEN "1001" => Seg
WHEN OTHERS => Segs <= "0Q000000";
END CASE;
END PROCESS;
END Bshavioral;

Behavioral VHDL code of the BCD to 7-segment decoder.
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Sumador Completo

two 4-bit binary numbers, X' = 1001 and ¥ = 0011,

-
-

i FA ¢,

-;Ff JEL ! L el X

| O |0l 0] 0|0
o Jo 1o |1

0 0] 1|0} 0O |
| ( 1 1 | 0
| 0 | 0 0 |

| ] 1 | i

| | 0 | (

| | 1 | |

[ LIBRARY TERF:
USE IEEE.STB EOGIC 1164.ALL:

ENTITY fa IS PORT |

Ci, Xi, Yi: IN STD LOGIC;
Cil, 8i: OUT S5TD LOGIC);
EHND fa;

ARCHITECTUEE Dataflow OQF fa IS

EEGIN
Cil €= (Xi AND Yi) OR (Ci AND (Xi XOR Yi)):
5i <= Xi XOR Yi XOR Ci;

END Dataflow;

Dataflow VHDL code for a |-hit full adder.




Sumador Completo en Cascada

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;

ENTITY Rdders4 IS PORT |

E: IN 5TD LOGIC VECTOR(3
Cout: OUT STD
SUM: QUT STD

END Adderd;

COWHTS O ¢

A, B:

DOWHTO

01:

ARCHITECTURE Structural OF Adderd IS
COMPONENT F&A PORT |
ci, =i, wyi: IN STD LOGIC;
co, si: QUT STD LOGIC);
END COMPOWENT;
SIGNAL Carryv: STD LOGIC VECTOR (4 DOWNTO O);
BEGIN
Ca'-"'-"y"-" |:':':| o= IOIF
Adder: FOR k IN 3 DOWNTO O GENERATE
Fullddder: FA PORT MAP (Carryvik),
END GEWERATE Adder;

Alk), Bik),

Cout <= Carryv(4);
END Structural;
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WVHDL code for a 4-bit ripple-carry adder using a FOR-GENERATE statement.
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Sumador/restador
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LIERARY IEEE:
USE IEEE.STD LOGIC 1164 .ALL;
UZE IEEE.STD LOGIC UNSIGHNED.ALL;
ENTITY Add3ub IS
GENERIC (n: INTEGER :=4); -— default number of bits = 4
FORT (5: IN STD _LOGIC; —- select subtract signal
A: IN STD LOGIC VECTOR(n-1 DOWNTO Q)
E: IN STD LOGIC VECTOR(n-1 DOWNTO O);
F: QUT STD LOGIC VECTOR (n-1 DOWNTO 0);
unsigned overflow: OUT STD LOGIC;
signed overflow: OUT STD LOGIC);
END AddSub;

ARCHITECTURE Behavioral OF AddSub IS
-- temporary result for extracting the unsigned overflow bit
SIGNAL result: STD LOGIC VECTOR(n DOWNTO O);
-- temporary result for extracting the c3 bit
SIGNAL <3: STD LOGIC VECTOR (n—-1 DOWNTO O);

EEGIN
PROCESS (5, A, B)
BEGIN

IF (8 = "0') THEN == addition
-- the two operands are zero extended one extra bit before adding
-- the & 1s for string concatination
result <= ('0' & A) + ('0" & B);
23 <= ('0' & A(n-2 DOWNTO 0)) + ("0" & B(n-2 DOWNTO 0));
F <= result(n-1 DOWNTO 0Q); -- extract the n-bit result
unsigned overflow <= result(n); -- get the unsigned overflow bit
signed overflow <= resultin) XOR c3i(n-1); -- get signed overflow bit

ELSE -- subtraction
== the two operands are zero extended one extra bit before subtracting
-- the & is for string concatination
result €= ('0' & A) - ("0 & B);
c3 <= {'0' & A(n-2 DOWNTO 0)) - ('0" & B(n-2 DOWNTO 0));
F <= result (n-1 DOWNTO O); —-— extract the n-bhit result
unsigned overflow <= resultinj; -— get the unsigned overflow bit
signed overflow <= resultin) XOR c3in-1); -- get signed overflow bit

END IF;

END PROCESS;
END Behawvioral;

Behavioral VHDL code for a 4-hit adder-subtractor combination component.




Unidad Aritmética/ Logica (ALU)
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ALLU operations: (a) funciion table; (b) LE truth table; {¢) AE truth table; {d) CE truth table.

| 5 | 8 | S| Operation Name | Operation x (LE) | v (AE) | oo (CE)
0 0 0 | Pass Pass 4 to output d; i 0
0 0 1 | AND AAND B a; AND b, () 0
0 1 0 | OR AOR R a; OR b, 0 0
0 1 1 | NOT A ;' () 0
1 0 0 | Addition A+ B d; b 0
1 0 1 | Subtraction A-B ;i b 1
1 1 0 | Increment A+ 1 d; i} 1
1 1 1 | Decrement A-1 d; 1 0
(a)
§2 | &1 | %o b | v
0 ® * X 0
1 0 0 0 50
i Ly S X; | 0 0 | 1 JE A S £
0 ] ] i2; 1 0 | 0 | i} x ® 0
0 1 1 a;’ 1 | 0 | 0 | l {0 |
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1 | | | |
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(a)

(b

ic)

-

[

L

=

AE

5y



LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

--— The following package 1s needed so that the STD _LOGIC VECTOR signals
-— A and B can be used in unsigned arithmetic operations.

USE IEEE.STD LOGIC UNSIGNWED.ALL;

ENTITY alu IS PORT (
S: IN STD LOGIC VECTOR(Z DOWNTO 0);

== select for operations

A, B: IN STD LOGIC VECTOR (3 DOWNTO 0); -- input operands
F: OUT STD LOGIC VECTOR(3 DOWNTO 0)); -- output
EHD alu;
ARCHITECTURE Bshawvior QOF alu IS
BEGIN
PROCESS (S, A, B)
BEGIN
CASE § IS
WHEN "000" => -- pass A through
F <= &;
WHEN ™0QO0OL1l"™ => -- 4ND Pass A AND OR NOT 4 Add Subtract  Increment Decrement
F <= A AND B; Name: | 200.0ns 400 Ons EO0.Ons 800
HHEW "0Q0L0O" == -- QR =
P <= A OR B i S o X 1 2 Y3 4 s s X 7Y
WHEN "011" => -- NOT & T A =
F <= NOT A; - B 3
WHEN "100" => -- add =F 5 1 W7 oA e Y2 s sy
F <= A + B;
HWHEN "101" == -= =subtract Sample simulation trace with the two input operands, 5 and 3, for all of the eight operations.
F <= A - B;
WHEN "110" => -- increment
F <=2+ 1;
HHEM OTHER:S => —-- decrement
F<=2a-1;
EMD CRISE;

EMD PROCESS;
END Behawvior;

Behavioral VHDL code for an ALU.



Decodificador
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A 3-to-8 decoder implemented with seven 1-to-2 decoders
-—- A 3-to-8 decoder
LIBEARY IEEE;
USE IEEE.STD LOGIC 1lled4,ALL;
ENTITY Decoder I3 PORT(
E: IN STD LOGIC; == gnable
A: IN STD_LGGZE_?EETGR(E DOWNTS Q) ; —-- 3 bit address
¥: OUT STD LOGIC VECTOR(T DOWNTO 0)); —-- data bus output
END Decoder;
ARCHITECTURE Behawviocral OF Decoder I2
BEGIN
PROCESS (E, A)
BEGIN
IF [(E '0') THEN == disabled
Y <= (OTHERS => '0'); == @-bit wector of 0O
ELSE
CASE A IS -— enabled
WHEN ™Q00" => ¥ <= "Q0000001";
WHEN "Q01" => ¥ <= "000000L10";
WHEN "Q10" => Y <= "Q0Q0Q00100";
WHEN "0Q11" => ¥ <= "Q0Q0Q01000";
WHEN "100" => Y <= "Q0010000";
WHEN "101" => Y <= "Q0100000";
WHEN "110" => Y <= "Q1000000";
WHEN "111" => ¥ <= "10000000"™;
WHEN OQTHERS => HWULL;
END CASE;
END IF;

END PROCESS;
FNMN Rehawiaral:
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A 3-to-8 decoder; (a) truth table; (b) circuit; () logic symbaol,
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(c)

An 8-to-3 encoder: (a) truth table; (b) equations; (¢} circuit; (d) logic symbol.
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A 2-to-1 multiplexer: (a) truth table; (b) equation; {c) circuit; (d) logic svmbol
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An 8-to-1 multiplexer implemented using: (a) a 3-to-8 decoder; (b} seven 2-to-1 multiplexers.



-- A d-to-1 8-bit wide multiplexer
LIBRARY IEEE;
JSE IEEE.STD_LGGIC_1164.HLL;

ENTITY Multiplexer IS PORT |
S: IN STD LOGIC VECTOR(1 DOWNTO 0);
Do, D1, D2, D3: IN STD LOGIC VECTOR(7 DOWNTO 0);
Y: OUT STD LOGIC VECTOR (7T DOWNTO 0));

END Multiplexer;

-— Behavioral level code
ARRCHITECTURE Behawvioral OF Multiplexer IS
BEGIN

PROCESS (S,D0,D1,D2,D3)

BEGIN
CASE 5 IS
WHEN "Q0™ => ¥ <= D0;
WHEN "Q1"™ => ¥ <= DI1;
WHEN "10"™ => ¥ <= D2Z;
WHEN "11" => Y <= D3;

WHEN OTHERS => Y <= (OTHERS => 'U'};

-= select lines
-— data bus ilnput
-—- data bus output

== 8=hit wector of U

END CASE;
. -- Dataflow level cod
END FROCESS; .B.RCH?TECTE;E Eziafizweop Multiplexer IS
END Behawvicoral; BEGIN

WITH S SELECT Y <=
DO WHEN "00",
Dl WHEN "O1",
D2 WHEN "10",
D3 WHEN "11",

END Dataflow;

(OTHERE => 'U') WHEN OTHERES; == 8=hit wvector of U




Bufer de 3 estados(0,1,7)
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Tri-state buffer: (a) truth table: (b) logic symbol: (¢} cireuit; (d) truth table for the control portion of the
tri-state buffer circuit,

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL:

ENTITY TriState Buffer IS PORT |
E: IMN 5TD LOGIC:
d: IN STD LOGIC VECTCR(7T DOWHWTCO O):
y: OUT STD LOGIC VECTOR (T DOWHTO O0)):
END TriState Buffzr;

ARCHITECTURE Behavioral OF TriEtat@_Euffér IS

BEGIN
FROCESS (E, d)
BEGIN
IF (E = '"1l"') THEN
y <= d;
ELSE
y <= (OTHERS =» "Z°%); -- to get & Z wvalues

END IF;
END DROCESS;
EHND Behavioral;:

VHDL code for an 8-bit wide tri-state buffer.
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Desplazador: Shifter. (Bit cambia de

posicion)

Operation . Comment [ Example
Shifi bits to the lefi one position. The 10110100
Shift left with 0 | leftmost bit is discarded and the rightmost 4
bit is filled with a 0. XO01101000
; : Same as above, except that the rightmost bit 10110100
ShiftleR with 1 | 0 iited witha 1, ﬁ’i";’;’%‘f -
Shift bits to the right one position. The 10110100
Shift nght with 0 ! nghtmost bit 1s discarded and the leftmost \H\\\“;\H
' bit is filled with a 0. +G1011010R
. . . . 2 10110100
Shift right with 1 Eﬂdme as above, except that the lefimost bit is SRR
filled with a 1. 110110108
Shift bits to the left one position. The 10110100
Rotate lefi leftmost bit is moved to the rightmost bit g’;’g"g’{{g"
LI OLOB

| position.

Rotate right

shift bits to the nght one position. The
rightmost bit 15 moved to the leftmost bit

| position.

101109100

AN
g101101d




5, | 5p | Operation
0 | 0 | Pass through
0 | 1 | Shift left and fill with 0
1 | 0 | Shift right and fill with 0
1 | 1 | Rotate right
(a)
h]
Eﬂ
me.l'l onr., mn*l rmfn
(b)
LIBRRRY IEEE;
USE IEEE.STD LOGIC_11&4.ALL;
+ 4 4 4 USE IEEE.STD LOGIC UNSIGNED.ALL;
iny iy imy  imy
e bl 4-bit Shifter ENTITY shifter IS PORT (
= ﬂh"h outy outy ouly S: IN STD LOGIC VECTOR(1 DOWNTO 0); -— select for operationd
T +‘ T3 input: IN STD_LOGIC_WECTOR (7 DOWNTO 0); —-— input
output: OUT STD LOGIC WECTOR(7 DOWNTO 0)); -- output
ENMD shifter;
(C} ARCHITECTURE Behawviocr OF shifter I3
BEGIN
PROCESS (S, input)
BEEGIN
A 4-bit shifter: (a) operation table; (b) circuit; (¢) logic symbol CASE S 15
) ' ! : WHEN "Q0O" == -— pass through
output <= input;
WHEN "01" == -- shift left with O
output <= input (6 DOWHNTS O) & "0';
WHEN "10" == == shift right with 0
output <= '0' & input (7 DOWNTZ 1);
WHEN OTHERS => -- rotate right
output <= inputil) & input (7 DOWHNTO 1)
END CASE;
END PROCESS;
END Behawvior:




- Barrera de desplazamiento
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A 4-hit barrel shifter for the rotate left operation:
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Multiplicacion

Multiplicand (M) 1101
Multiplier () = 1011
1101
Intermediate products { 1101
0000
+ 1101
Product (P 0001111
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