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3.1 VHDL - Component

e Structural modeling is important for circuit/system design.
e A circuit/system may contain multiple components (sub-

module/sub-circuits)

Example:

A full adder (FA) contains 2 half adders (HAs).

The half adder can be modeled by a component.
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3.1 VHDL - Component

An architecture may contain multiple components and they must
be declared first.

architecture [name] ..

[signal]
IS

(—component XX )

end component;

- Cnmponpnl YY

N

end component;

begin_ y,

énd [hame];



3.1 VHDL - Component

Differences between a component and an entity declaration:

e Entity declaration declares a circuit model containing one
or multiple architectures.

e Component declaration declares a virtual circuit
template, which must be instantiated to take effect
during the design.

 Port map is required for component instantiation
(discussed later).



3.1 VHDL - Component

Example: Full adder entity

- Create the component entity halfadder

- Create the module entity fulladder

- Determine the number of units (i.e. halfadder in this case)
used in the design

- Define signals for inter-connections between halfadder
(components)

- Provide each component a different name

- Then instantiates the declared component



3.1 VHDL - Component

Complete full adder VHDL code:

--sub module(half adder) entity declaration
entity halfadder is
Port ( a : in STD LOGIC;

b : in STD LOGIC;

sum - out STD LOGIC;

carry - out STD LOGIC

);

end halfadder;

architecture Behavioral of halfadder is
begin

sum <= a Xor b;

carry <= a and b;

end Behavioral;



3.1 VHDL - Component

-—-top module(full adder) entity declaration
entity fulladder is
port (a : In std logic;
b - 1n std _logic;

cin : i1n std _logic;

sum : out std logic;

carry : out std logic

);

end fulladder;
-—-top modulle architecture declaration.
architecture behavior of fulladder is
--sub-module(half adder) i1s declared as a component before the
keyword "‘begin'.

component halfadder
port(
a - 1In std _logic;
b - 1n std _logic;
sum - out std logic;
carry : out std logic
);

end component;




3.1 VHDL - Component

--All the signals used i1Inside this Architecture are declared
here, which are not a part of the top module.

signal sl,cl,c2 : std_logic:="0";
begin

--Provide a different name for each half adder.
—-—instantiate and do port map for the half adders.

HA1ll : halfadder port map (a,b,sl,cl);
HA2| - halfadder port map (sl,cin,sum,c2);

CARRY
-

SUM

carry <= cl or c2; --final carry calculation
end; AL C1
B [ "™ et gDi
Ciny HAZ
Two HAs are used to form a FA.

Internal signals s1,cl1,c2 are used to connect the two HAs.



8.2 VHDL - Instantiation

For Creating connections between components and ports.
3 steps in VHDL instantiation:

1) Label: identify a unique instance of component
2) Component type: select a targeted declared component
3) Port Map: Connect component to signals in an architecture

Signals must be of the same data type for the connecting pins.

HAL
HAZ2

halfadder port map (a,b,sl,cl);
halfadder port map (sl,cin,sum,c2);

| | |

Label Component Port Map



entity t_Design_Unit is
-- Empty
end;

architecture Test_Bench of t_Design_Unit is
--Declare component of design unit to be tested

...............................................................................................................

....................................................................................

H be.gin ......................................................
--Instantiate unit under test

UUT: Design_Unit port map (t_A,t_B,t_select,t_m_out);

--Declare process to generate stimulus

process l:gtfgin Note mapping na

IRBE==RE

8.2 VHDL — Instantiation: Port Map

t_Design_Unit

Test_Bench

Design_Unit

NA

‘l"

— >~ I B
> select

—> T m_out

mes are in an exact order manner:

end process; Port name of H#&I fadder (A,B,

process begin

select <= *1"; wait for 10 ns; select <= ‘0’;
end process;

end Test_Bench

,m_out)
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8.2 VHDL — Instantiation: Port Map

entity halfadder is
Port ( - in  STD LOGIC;
b - 1n STD LOGIC;
- out STD LOGIC;
carry - out STD LOGIC
);
end halfadder;

Port name of Halfadder (a,b, ,carry)

begin

ea H—adder .

--Provide a different name f

-—iInstantiate and do port m

/ﬁ;&f_adm

Module FA
Module HA
a
b
sum
carry
Module HA
—>|a
—|b
—»|sum
—| carry

HA1 : halfadder port map (a,b, ,CESE
HA2 : halfadder port map (s1, cin, ,C2);
carry <= cl or c2; --final carry calculation

end;
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cin

8.2 VHDL — Instantiation: Port Map

HA1 : halfadder port map (a,b,sl,cl);

sum

carry

13



8.2 VHDL — Instantiation: Port Map

HA2 : halfadder port map (sl,cin,sum,c2?);

cin

carry is generate by this VHDL statement

/

carry <= cl or c2;

sum

carry

14



8.3 VHDL Conditional Signal Assignments

Form of a conditional signal assighment statement:

signal name <= expressionl when conditionl
else expression2 when condition2
[else expressionN];

e Target output can be a port or a signal.
 Only handle one target output.
e Less flexible than using IF/ELSE/ELSIF statement.



8.3 VHDL Conditional Signal Assignments

Example:

Y <= “1” when a = “0” else

“1” when b = “0” else
“1” when c = “07 else
0" -
Y <= (C and B) when a = “0~ else
“0” when b = “1” else
“1 when ¢ = (d or e) else
d;

Z <= *00” when D > *“0010” and D <= *“0110” else

“01” when D = “0101~”
else

“10” when D > ““1000” and D < “1100”
else

“1171 ;



8.4 VHDL Selected Signal Assignments

A selected signal assignment statement has the form:

with expression_s select
signal_s <= expressionl [after delay-time] when choicel,
expression2 [after delay-time] when choice2,

expression_n [after delay-time] when others];

 Target output can be a port or a signal.

 Canonly handle one target output.

e Each line ends with ‘ and the last line with *;’

* “when others” is used to handle the default case, and also the don’t case cases.



8.4 VHDL Selected Signal Assignments

Example:

with d select

Y <= “0” when “000”’,
“1”> when “001”,
“1”> when “0107,
“0” when “011”,
“1”> when “100”,
“0” when “101”,
“1” when “110”,
“1” when “111”,
NULL when others;

with d select

Y <= “0” when “000”’,
“0” when “011”,
“0” when “101”,
“1”> when others;



3.5 VHDL Loops

Activity occurring in a repetitive way.

Statements are sequential.
Kinds of loop statements: for, while

Infinite loop:

General form:

[ loop-label:] loop

sequential statements
end loop [loop-label];

Can be terminated using exit statements:

exit; or exit when condition;

19



3.5 VHDL Loops

for loop:
General form:

[loop-label:] for loop-index In range
sequential statements
end loop [loop-label];

Loop-index is incremented at the end of each loop.
Continues for every value in the range.

while loop:
General form:

[loop-label:] while condition loop
sequential statements
end loop [loop-label];

Condition is tested at the beginning of each loop.
Loop is terminated if condition is false.

loop

20



8.6 VHDL Decoder — A) Using Case statement

library IEEE;
use IEEE.STQ_LDGIQ_;lEd.all;

entity decoder is=s

port |
L : in STQ_LDGIQ_FEGTDR{l downto 0);
¥ : out STQ_LDGIQ_FEGTDR{E downto

) ; X_OBUF[0]_inst i_1 X_OBUF[0]_inst
; A_IBUF[0]_inst 0 o L9 Y% D xBo
end decoder; Ao D—p> >0 n OBUF
IBUF UT2
A_IBUF[1]_inst X_OBUF[1]_inst_i_1 X_OBUF[1]_inst
architecture Behawvioral of decoder 1= »L%:>O 0 o ! © L
b . 1BUF n OBUF
egin T2
X_OBUF([2]_inst.i_1 X_OBUF([2]_inst
0 o I D o 2
process (a) I CaUr
begin LUT2
. inst i X_OBUF(3
case A 1S )(_OBllJDFB]_lCr;st_l_l | o8l [3]inst .
when "00" => X <= "0001"; n OBUF
LUT2
when "01" => X <= "0010";
when "10" => X <= "0100";
when "11" => ¥ <= "1000";

end ca=se;
end process;

end Behawvioral; 21



8.7 VHDL Decoder — B) Using IF statement

entity decoder is=
port (
L : 1n STQ_LDGIC_FECTDR{I downto 0) ;
¥ : out STD_LDGIG_FEGTDR{S downto 0)
)i

end decoder;

architecture Behavioral of decoder is=

begin

process (a)

begin

if (&="00") then | AIBUF[OLinst
X <= "0001"; Al D_’_%F

elsif (A="01") then A_IBUF[1]_inst
X <= "0010"; R e

IBUF

elsif (A="10") then
¥ <= "0100";
el=se
¥ <= "1000";
end i1f;
end process;

end Behakiaral;

X_OBUF[0]_inst i 1 X_OBUF[0]_inst
I[~._ 0O
0 O =
i OBUF
LUT2
X_OBUF[1]_inst_i_1 I X0 BCL)JF[ll_inst
[
0 O =
I1 OBUF
LUT2
X_OBUF[2]_inst i_1 X_OBUF[2]_inst
0 O IE}:O
n OBUF
LUTZ2
X_OBUF(3]_inst_i_1 X_OBUF([3]_inst
0 O I[;;O
I OBUF
LUT2

X[3:0]



8.8 VHDL Decoder — C) Using Structural model

library IEEE;
use IEEE.STD_LGGIQ_}lEd.all;

entity decoder 1=

port (
L : in STD_LGGIQ_FEETGR{I downto 0) ;
¥ : out STQ_LGGIQ_FEETDR{B downto 0)

::I ; X_OBUF[0]_inst_i_1 X_OBUF[0]_inst

A_IBUF[0]_inst o o L > o "> X34
end dEGGdEJ‘.‘; AILO] D—’uD ? n OBUF
IBUF LUT2
A_IBUF[1]_inst X_OBUF[1]_inst_i_1 X_OBUF[1]_inst
1 I o] I o] 1
10 (o]
architecture Structral of decoder 1= 1BUF o 8L
b 1 X_OBUF[2]_inst_i_1 X_OBUF[2]_inst
egin UFLz | xon i
n OBUF
¥(0) <= not A(0) and not A(l); 072
X_OBUF([3]_inst_i_ 1 X_OBUF[3]_inst
¥(l) <= not A(0) and A(1); PR R
58 OBUF
¥(2) <= A(0) and not Z(l); T2

H(3) <= 4A(0) and &(l);
end Structral; 23



8.9 VHDL Decoder — with Enable signal

library IEEE;
use IEEE. STD_L{]GI C_ll 64 .AT.L;

entity decode 2to4 top is

Port ( R : in STD LOGIC VECTOR (1 downto 0); -— Z2-bit input
¥ : out STD LOGIC VECTOR (3 downto 0); -— 4-bit cutput
EN : 1in STD_LDGIE}; —-— enable input

end decode Z2to4 top;

architecture Behavioral of decode 2to4 top is
begin

process (L, EN)

begin
¥ <= m1111"; -— default cutput value
if (EN = "1") then -- active high enable pin
casze A 1s
when "00"™ => ¥X({0) <= "07';
when "01" == ¥ (1) == "0'";
when "10" => X(2) <= "0';
when "11" => ¥ {3) <= "0";
when others => ¥ <= "1111";
end case;
end 1f;

end process;

end Behavioral;



8.9 VHDL Decoder

A_IBUF[0]_inst
QO

X_OBUF[0]_inst_i_1

10
In O

X_OBUF[0]_inst
[] 0

“—> X3:0]

I2
LUT3

X_OBUF[1]_inst_i_1

10

|
OBUF

X_OBUF[1]_inst
I 0

In O
I2

A[L:0]
IBUF
A_IBUF[1] inst
0

IBUF
EN_IBUF_inst

N [ I I 0
IBUF

LUT3

X_OBUF([2]_inst_i_1

10

In O

|
OBUF

X_OBUF[2]_inst
L] 0

I2

LUT3

X_OBUF([3]_inst_i_1

10

In O

|
OBUF

X_OBUF[3]_inst
I 0

I2

LUT3

|
OBUF
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8.10 VHDL Encoder

entity encoder 1=

port |

a : 1in ETD_LGGIQ_FEGTGR{E downto 0);
b : out ETD_LGGIQ_HECTDRII downto 0)

|

end encoder;

architecture Behavioral
begin

process (a)

begin
case a 1=
when "1000"
when "0100"
when "0010"
when "0001"

when others
end ca=se;
end process;

end Behavioral;

of

encoder 1= AD

Encoder
Al BO
A2 4to?2
A3 Bl
b o “ﬂﬂ“F
b e |||‘J1||;
b e “1':'“;
b e |I|'_'|_'_'|_|I|F
h == “EE“;
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al3:0]

8.10 VHDL Encoder — Schematic Diagram

a

1

2

3

I

I

I

I

a_IBUF[0]_inst
o

b OBUFT[O] inst_i_1

b OBUFT[O]_inst

IBUF
a_IBUF[1]_inst
O

]

IBUF
a_IBUF[2]_inst
o

b_OBUFT([1]_inst_i_3
1]

1 O —1 |
12

IBUF
a_IBUF[3]_inst
O

13
LUT4

IBUF

10 O I o b[1:0]
11 1
LUTZ OBUFT
b_OBUFT[1) inst_i 1 b_OBUFT[1)_inst
0 o I 0 !
11 — 1
LUTZ OBUFT
b OBUFT[1) inst_i_2
10 O
LUT1

Input 4 bits, output 2 bits
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8.10 VHDL Encoder — Simulation

ENTITY tb_encoder IS
END tk_encoder;

LRCHITECTURE behavior OF tb encoder IS

COMPONENT encoder
EORT

a : IN std_;agic_vector{S downto 0);

b : QUT std_;ogic_vector{l downto 0)

)
END COMPONENT;

signal a : std_}ogic_vector{S downteo 0) := (others => "0");
=ignal b : std_;ogic_yector{l downto 0);
BEGIN

uut: encoder PORT MAP

oCcI process

a <= "Q000";
wait for 100 ns;
a <= "0001";
walt for 100 ns;
a <= "0010";
walt for 100 ns;
a <= "0100";
wait for 100 ns;

a <= "1000";

end process;

END;

(a => a, b => b);

550.715 ns




8.11 VHDL Encoder — Decimal-to-BCD encoder

library IEEE;

use IEEE.STD_LDGIC_;lEd.hLL;
use TEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ARLL;

entity ENC3 is=s

Fort o]
R
3

[l

ouTo

CouUTl

ouT2

ouT3
end ENC3;

in
in
in
in
in
in
in
in
in

in

std legic;

std logic;

std legic;

std logie;

std legic;

std legie;

std legic;

std legic;

std logic;

std legic;

out
out
out

out

std logie;
std logic;
std logie;
std_;ogic};

architecture Behavioral of ENC3 1is

begin

proces=s (Q,R,3,T7,U,V,W,X,¥, &)

beg

in

OUTDO <= R OR T OR V OR X OR Z&;
OUT1 <«<= 8 CR T CR W CR X;

OUTZ2 <= U OR V COR W OR X;

OUT3 <= ¥ OR 3&;

end process;

end Behavioral;

, DEC/BCD
1
2 A —
3 Ay —0
4 Aal
b Azl
6
T
g
9

b

0o =1t b

Y
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8.12 VHDL Encoder — BCD to 7 Segment

library IEEE;
uses IEEE.STD_LOGIG_1154.ELL;

entity bed 7seg is
Port ( B0,B1,B2,B3 : in STD LOGIC;
%,8,C,D,E,F,G : out STD LOGIC);
end bcd Tseg;

architecture Behavioral of bed Tseg is

<= BO OR B2 OR (Bl AND B3) OR (NOT Bl AND NOT B3);
<= (NOT Bl) OR (NOT B2 LND NOT B3) OR (B2 AND B3);

<= Bl CR NCT B2 CR B3;

<= (NOT Bl AND NOT B3) OR (B2 AND NOT B3);

BO
Bl
B2
B3

BCD to 7-
Segment
Display
Decoder

CER (Bl AND NOT B2 AND B3) OR

<= B0 OR (NOT B2 AND NOT B3) OR (Bl AND NOT E2) OR (Bl AND NOT B3);

h\
=
C
D <= (NOT Bl AND NOT B3) OR (B2 AND NOT B3)
E
F
G

<= B0 OR (Bl AND NOT B2) OR ( NOT Bl BAND B2)

end Behavioral;

OR (B2 LND NOT E3);

Build the Truth table first.

(NOT Bl AND B2)

OR BO;
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8.13 VHDL Multiplexer

library IEEE;
use IEEE.STD LOGIC 1164.all;

entity mux 4tol is

| port |

: %,B,C,D : in STD LOGIC;
50,8l: in STD LOGIC;
Z: out STD LOGIC

):

end mux 4tol;

architecture bhv of mux 4tol is

end process;

begin

: proce== (4,B,C,D,S50,81) i=s

: begin

E if (80 ="'0" and 81 = "0") then

! Z <= A;

: el=zif (30 ='1" and 81 = "0") then
E Z <= B;

: el=sif (S0 ='0" and 81 = "1") then
: 2 <= ;

E else

: 2 <= D;

E end if;

end bhv;

51 SO

Input
S1

output

== o

R IOl | O

OO m| >
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8.13 VHDL Multiplexer

ENTITY tb mux IS
END tb mux;
ARCHITECTURE behavior OF th mux IS
COMPONENT mux_4tol
BORT (
L : IN std legic;
E : IN std logie;
T : IN std legic;
D : IN std_;ogic;
S0 : IN std_;ogic;
S1 : IN std logie;
Z : OUT std logiec
)i
END COCMPCMNENT;

signal 2, B, C, D, 30, 81 : std logic := '0';
signal 2z : std logie;
BEGIN

uut: mux 4tol PORT MAF (R =» R,B =» B,C =» C,D =» D,80 =» 80,81 =» 51,2 => 2);
stim proc: process

begin

wait for 100 ns;

no<= "1";
BE <= '0";
o= "17;
D<= "0";

S0 == "0"; 81 == "0";
walt for 100 ns;
80 <= '1'; 81 <= '0';
wait for 100 ns;
80 <= '0'; 81 <= "1';
wait for 100 ns;
S0 == "0"'; 81 == "1";
walt for 100 ns;

end process;

END;



8.13 VHDL Demultiplexer

Eentity demux lto4 is
port (
F : in STD LOGIC;

s0,81l: in STD LOGIC;

£,B,C,D0: out 5TD LOGIC

end process;
end bhw;

begin

: proces=s (F,80,81) is

! begin

E if (80 ="'0" and 3831 = "0") then

: L <= F;

: elsif (30 ="1" and 81 = "0'") then
E B <= F;

: elsif (80 ="0" and 81 = "1"') then
: Z <= F:

E else

: D <= F;

E end 1f;

B
F
D
S1 SO

Input | Selection line Output
F 51 50 D C B A
1 0 0 0 0 0 1
1 0 1 0 0 1 0
1 1 0 0 1 0 0
1 1 1 1 0 0 0
0 X X 0 0 0 0

33
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