V

VHDL: Very High Speed
Integrated Circuits Hardware
Description Languag

d Ismail

12/13/2015



/\

/ Discussion

* What is the Digital Design ?

. . ‘ - lff\‘c
A 8 . —e ¢ B
. i} i} ‘e B i}
e Whatis truth table ? I il ‘ [on MoR
AND OR . S e
A B[ Output A B[ Outpt A|B [ Ouput
0jo| o o(o]| o olo|
o1 B 01 o1 a
* Examples : AND, OR, NOR ,XOFk i it D
A A B CRI
[ e . O A B
. . 5 + 7 i+ b
* Applications Done By VHDL ? Neg-0R NAND Neg-AND
Al B| Output A|B| Output Al B | Output
( Report) ojo| 1 olo| - olo| 2
01 01| 1 (o1
1o 1[0 10
11 11 1
A B A B A a1
. o . { o139 it O+
A :] A B CAt
—H—H i A e
XNOR XOR NOT
A|B| Outpul A|B| Outpul A | Output
oo olo] 0| 1
01 01 1 ]
1o 10
11 11

12/13/2015 VHDL session 1 by Eng Mohamed Ismail



VHDL Vs prog. Languages

VHDL is a programming
language that allows one to
model and develop complex
digital systems in a dynamic
environment.

But VHDL is NOT C ... There
are some similarities, as with
any programming language,
but syntax and logic are quite
different.

VHDL is Hardware
description language.

e e ———— — — — — — — — — — — — — — — — — —

Ex:
VHDL uses statements that defines the
actual flow of data.....
such as,
X <=y

-- this is NOT less than equal to -
this assigns the boolean signal x to the
value of boolean signal y...
i.e. x =y this will occur whenevery
changes....
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Inside The FPGA
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Downloading a code
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Construction of HDL code

Basic constructs of HDIL. Code :
Entity
Connectivity

Concurrency
Timing
support Structural implementation .
Two HDLs used today :
VHDL and Verilog
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Even parity detection circuit

* Input: a(2), a(1), a(0)

a(2) a(l) a(0) aven
+ output: even 0 1
a2) ——— > ( 0 | 0
all) —— >4 0 l 0 0
al0) —a——— >4 - 0 l | |
It 1 0 0 0
ﬁ_l:Diwen ] (0 | |
N 1 1 0 1
I — l l | 0
S
|/

even = a(2) - a(1) - a(0) +a(2)" - a(l) - a(0) +a(2) - a(1) - a(0) + a(2) - a(l) - a(0Y’
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what inside VHDL code ?
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VHDL Code

\

Entity

i/o ports (“outline” of
the circuit)

Architecture

— Signal declaration
— Each concurrent
statement

VHDL session 1 by Eng Mohamed Ismail




Conceptual interpretation
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all)
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VHDL CODE

entity EvenDetector is

Port (a:in STD LOGIC_VECTOR (2 downto o0); ot tthe

even : out STD LOGIC);

The entity
section
contains the

desi_gn

end EvenDetector;
architecture Behavioral of EvenDeteM
signal p:std_logic_vector (3 downto o);

begin

p(3)<=(nota(o) ) and a(1) and a(2) ;

p(2)<=(nota(1) ) and a(o) and a(2) ;

p(1)<=(not a(2) ) and a(o) and a(1) ;

p(o)<=(not a(o) ) and (not a(1) ) and (nota(2) ) ;

even <= p(o) or p(1) or p(2) or p(3);

end Behavioral;
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only be
defined in this
place before
the begin
keyword
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Structural description

In structural view, a circuit is constructed
by smaller parts.

Structural description specifies the types
of parts and connections.

Essentially a textual description of a
schematic

Done by using “component” in VHDL
— First declared (make known)
— Then instantiated (used)
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Operation : Add the inputs

VHDL session 1 by Eng Mohamed Ismail

13



- The even parity using 2 XOR and not

unit 1
al0) 11 sig 1
o - oxor2 o1 .
al) 2 unit 2 unit 3
i1 sig2
. xor2 ol i1 notl o1 even
al2) i2

« Even detector using previously
designed components (xor2 and not1)
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eate Xor with 2 inpu
out
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Select Source Type

Select source type, file name and its location,

" IP (CORE Generator & Architecture Wizard)
(o] Schematic

Uzer Document

Verilog Module

Verilog Test Fixture

o] VHOL Maodule —
VHODL Library :
VHDL Package |mr2_1
o] WVHOL Test Bench _
#: Embedded Processor Location:
|D:\vhd pro\Evenparityusingstructural | )

Add to project

[en ) oo
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Define Module

Spedify ports for module.
Entity name |xor2_1

Architecture name | Behavioral

Port Mame Direction
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Define the Xor module
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Processes:

xor?2_1 - Behavioral

Design Summary/Reports
Design Liilities

User Constraints

Synthesize - X5T
Implement Design
Generate Programming File
Configure Target Device

Analyze Design Using ChipScope

18
18
20
21
22
23
24
25
286
27
28
23
30
31
32
33
34
35
36
37
38
38
40
41
42
43
44
45

use IEEE.3TD LOGIC 11&4.ALL:

—— Uncomment the following library declaration if using
—— arithmetic functions with Signed or Unsigned wvalues
—--uze IEEE.NUMERIC STD.ALL;

—— TUncomment the following library declaration if instantiating
—— any Xilinx primitives in this code.

——library UNISIM:

——use UNISIM.VComponents.all:;

entity xor2 1 is

Port | in STD LOGIC;
in STD LOGIC;
out 5TD LOGIC);

0o ol

end xor2 1;
architecture Behavioral of xor2 1 is

begin
c <=a xor b ;

end Behavioral;
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Select Source Type

Select source type, file name and its location.

[ BMM File
&2 Chip5cope Definition and Connection File
" Implementation Constraints File

] (CORE Generator & Architecture Wizard)

Verilog Module
Verilog Test Fidure
VHDL Module
WHDL Library
VHDL Package
i WHOL Test Bench
% Embedded Processor

File name:

|nat1

Location:

| D:\whdl pro‘\Evenparityusingstructural | Q

Add to project
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Define Module

Specify parts for module.

Entity name | not1

Architecture name | Behavioral

Port Mame Direction

£ KT/ KN | EX | ET KN EX K1 E1 (KX
o
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L3 't dVil
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2 | RV D@ g Y 2 2 2
NEdILinEx|wal| [ 22RR RN 2Emo]srirc L9
|Design «08 x| 17 —- Additional Comments:
IE:[' View: @) Implernenmﬁon (@] @Simulaﬁon = i8 --
: e
=l H'e'a'Chf" = 20 library IEEE;
- 8] Evenparityusingstructural “ 21 use IEEE.STD LOGIC 1164.ALL;
— | &+ £ xa3s100e-4vqgll0 = 22
3:?;:: ﬁ ;Oﬂ-'BEhaViWE'("Oﬂ--Vhd) = 23 —— Uncomment the following library declaration if using
. lgleizs xor2_1 - Behavioral (xer2_1.vhd)| « 24 —- arithmetic functions with Signed or Unsigned walues
E —| 25 --use IEEE.NUMERIC STD.ALL;
A 26
% 27 —— Uncomment the following library declaration if instantiating
E 28 —— any Xilinx primitives in this code.
P 29 —-library UNISIM;
m
** 30 --use UNISIM.VComponents.all:
4 | m | » | — 31
. @ 32 entity notl is=
P T2 MNoProcesses Running ©| 33 Port ( a : in STD LOGIC;
l?t Mo single design module is selected. _ 34 b : out STD LOGIC):
; . P 35 end notl;
=24 E-3F  Design Utilities -
% 37 architecture Behavioral of notl is
el 38
m 39 begin
40
41 b <= not a :
42 end Behavioral:
43
44
Qi S——
|’ Start | B Design |_TD Files | T Li:!rmes| I Ei wor2_1.vhd® x| J = Design Summary x| | E notl.vhd*® ;
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o component Xor2_1 is
Add the Xor to the Port (a:in STD_LOGIC;
b:in STD LOGIC;

Evendetector
—> ¢ :out STD_LOGIC);

end component ;

Add the not to the component not1 is
Fvendetector ‘ Port (a:in STD_ LOGIC;

b :out STD_LOGIC);
end component;

begin
Port map xor_1 : xor2_1 port map (a => a(o),b => a(1),c => sig1);
declaratlon XOTI' 2 :XO0r2_1 port map (a => Sigl ,b => a(Z),C => Sng),

not_1 : not1 port map (a => sig2,b => even);

end Behavioral;
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The VHDL code

entity evenparity is
Port (a:in STD_LOGIC_VECTOR (2 downto o);
even :out STD_LOGIC);
end evenparity;

architecture Behavioral of evenparity is
component xor2_1is
Port (a:in STD_LOGIC;
b:in STD_LOGIC;
¢ :out STD_LOGIC);
end component ;

component noti is

Port (a:in STD_LOGIC;

b :out STD_LOGIC);

end component;
signal sig1 ,sig2:std_logic;
begin
xor_1 : xorz2_1 port map (a => a(0),b => a(1),c => sig1);
xor_2 : xor2_1 port map (a => sig1 ,b => a(2),c => sig2);
not_1 : not1 port map (a => sig2,b => even);

end Behavioral;
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Assignment : Next section

Redo the even parity detector using :
1. only one xor.

2. a not circuit .

Design the Half Adder :
1.which has 2 inputs :a,b
2.two outputs :sum, carry

12/13/2015 VHDL session 1 by Eng Mohamed Ismail 23



