| emtity reg is
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end reg;

in std logic wectorin-1 dosmzo O);
in std logic;
is scd logic;
in scd logic:
o std logic weccoria-1 dowmco @2

architecture bohw of reg is

sigeal @ rmp: std logic wector(s-l dosmto 39;
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~= VHDL code for n-bit adder (ESD figure 2.5) llJ“L“’/
~~ by Weujun Ehang, 04/2001 GJ.{//‘
== function of adder:

“= A plus B to get n-bit sum and 1 bit carry

-~ Wa may use generic statement to set the parameter

== n of the adder.

library ieee;

use iece.std _logic_1164.all;

use ileee,.std _loglc_arith.all;
use leee.std_logic_unsigned,all;

entity ADDER is

genericin: natural :=2);

pore { Al in std_logic_vector(n-1 downto 0);
L8] in std_logic_vector(n-1 downto 0);
carry: out std_logic;
sum: out std_legic_vector (n-1 downto )

):

end ADDER;

0 e S e 59 - o 5 55

architecture behv of ADDER is

- define a temparary signal to store the result
signal result: std logic_vector(n downto 0);
begin

~~ the 3rd bit should be carry

result <= ('0' & AY+('0" & B);
gum <= result(n-1 downto 0);
w <= result(n);
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Simple ALU Module (ESD book Fiqure 2.5)
by Weijun Zhang, 04/2001

ALU stands for arithmatic logic unit.

6 o X

It perform multiple operations according to

the control bits.

we use 2's complement subraction in this example
two 2~bit inputs & carry-bit ignored

Library leee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;
use ieee.std_logic_arith.all;

entity ALU is

port( A in std_logic_vector (1 downto 0);
B: in std_logic_vector (1 downto 0);
Sel: in std_logic_vector(l downto 0);
Res: out std_logic_vector (1l downto 0)

1

end ALU;

architecture behv of ALU is
begin

procesn(A,B,Sel)
begin

.. yse case statement to achieve
- different operations of ALU

case Sel is
when "00" =>
pes <= B + By
when "01" =>
Res <= B + (not B) + 1;
when 10" =>
Res <= A and B;
when ®11% =>
Res <= A or B;
when others =>
Res <= "XX";
end case;

end process;

end behv;
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= 2:4 Decoder (ESD figure 2.5) P
== by Weijun Bhang, 04/2001

-~ decoder is a kind of inverse process
-- of multiplexor

o . .

library leee;
use ieee.std _logic_l164.al);

entity DECODER is

porti{ ) & in std_logic_vector (1l downto 0);
0 out std_logic_vector (3 downto 0)

):

end DECODER;

architecture behv of DECODER is
begin

-~ process statement

1 process (1)
. begin

~~ use case statement
g

case I is
when "00* =» O <= "0001"%;
when "01® => 0 <= "0010%;
when ®10® => 0 <= "0100%;
) when "11* => 0 <= *1000%;
when others => 0 <= "XXXX*;
end case;




dimple D Lateh (BSD book Chaptar 2.3.1)
By Weljun Zhang, 0472001
lateh im simply control led by enable hit
but has nothing te do with cloek sigal
notice this difference from flip-flops
\ll-l.tl\l‘ \BGa )
Mte jeed, atd lagioe i]lwl.ﬂl')
antity D _lateh La
prort ( data _ins bn avd loglo;
enaby e in avd loglo;
data out out avd logice
)}
ond D latehy
artchitecture behv of D lateh {a
begin

ened

this to D rliptlop

COmpare

process (data_in, enable)
Legin
1t (enable="1') then
no cloek algnal here
data out <= data_in;
end {f;

|'|||| "f QOGRS

Liehv;
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VHDL code for 4:1 multiplexo
(ESD book figure 2.%)

by Weijon Zhang, 04/2001

Multiplexor is a device to select different

inputs to outputs. we use 3 bits vector to
describe its 1/0 ports

0 S s il B e s s S Y . < i e . . o e i . . s, 0 S A . s s i it 2 2 i 2
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library leee;
use ieee.std _loglc_1164.al11;

A . e . . e S - i s e s e B o . o s S . s i e i

entity Mux is

port{ 13; in std_logic_vector (2 downto 0);
12: in std_logic_vector (2 downto 0);
11 in std_logic_vector (2 downto 0);
10: in std_logic_vector (2 downto 0);
8: in std_logic_vector (1 downto 0);
0s out std_logic_vector (2 downto 0)

Vi

end Mux;

architecture behvl of Mux is

begin
process (13,12,11,10,85)
. v begin
. -~ use case statement
2 case 8 is
when *00* => 0 <= 10;

: when "017 => 0 <= 11;
e when *10% => O <= 12;
AR when "11° => 0 <= 13;

when others => 0 <= *222%;




a -"*‘_““1I!“‘ 4*4 RAM module (ESD book Chapter 5)
by Weidun Zhang

KEYWORD: array, ¢
JRD: array, concurrent processes, generic, conv_integer

library ieece;
use ieee.std_logic_l1164.all;
use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity SRAM is

generic ( width: integer:=4;
depth: integer:=4;
addr : integer:=2);
port ( Clock: in std_logic;
Enable: in std_logic;
Read: in std_logic;
Write: in std_logic;
Read_Addr: in std_logic_vector (addr-1 downto 0);
Write_Addr: in std_logic_vector (addr-1 downto 0);
Data_in: in std_logic_vecror (width-1 downto 0);
Data_out: out std_logic_vector (width-1 downto 0)

)i
end SRAM;

architecture behav of SRAM is
- use array to define the bunch of internal temparary signals

type ram_type is array (0 to depth-1) of
std_logic_vector (width-1 downto 0);
signal tmp_ram: ram_type;

begin

-~ Read Functional Section
process (Clock, Read)
begin
if (Clock'event and Clock='1l") then
if Enable='1' then
if Read='1l' then
—— buildin function conv_integer change the type
_~ from std_logic_vector to integer
Data_out <= tmp_ram(conv_inteqer(Read_Addr));
else
Data_out <= (Data_out'range => 'Z');
end 1f;
end if;
end 1if;
end process;

-~ Write Functional Section
process (Clock, Write)
beagin
{f (Clock'event and Clock="'1') then
if Enable='1"' then



T Writes'1' then
IMp_tam(cony_integer (Write Addr)) <= Date_inj
and Lfy
end 1f)
end if;
and process;

end bahav;
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