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DESCRIpT ACE
A hardware descripion ION LANGUAGE (HDL)

i5 us0d 1 - destribes the hardwaire of dhgital
i other digital cireuits, 1 DL FEpresent logic diagrams, Poolean erpremion
" Lotextunl form cin be rend by both humms and

computers. So the design can b Shicka
The main applications of HPL p ;’ng;zsﬁ“? between the desigrers using HDL

1. Logic simulation

2. Logic gynthesis

3. Timing Analysis

4. Post Synthesis Simulation
5. Hardware gencration

£1.1 Logic simulation

Simulation for design validation is done before n design is synthesized. This
simulation pass is also referred 10 as behavioral simulation or RT (Register trnafes)
kevel simulation or Pre-synthesis simulation. Logic: sjmulmiun is the process of
tepresenting the structure and Dbehavior of o digimﬁl lfagn: system througn ‘?“’ e of
Dﬂ'mpm:r. A simulator interprets the P{DL description given b]..- the tﬁ; %,nj
produces readable output, such as i (ming dingram, that predicts how s

will behave before it is actually fabricated.
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5.2

During the simulation process, the errors in the @Lﬁﬁ:’:fmﬁmdﬂﬁ:;d
and carrections can be made by modifying the approprisic =\ o @
RT level a design includes clock level timing, but no gate delays and fRTyl arg
included. Simulation at this level is accurate to the clock lﬁj*fﬂ- '_I’lm?_lﬂg of RT leve]
simulation does not consider hazards, glitches, race conditions and other timing.
issues. The flow chart shown in figure 5.2 gives the sequence of tasks.

e

Initial design

I

Simulstion Correct errors

Is design

No
‘correct?
Suceessful design
stor >
Figure 5.2
5.1.2 Logic synthesis
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Figure 5.3 Synthesis
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513 Timing analysis

The timing analysig pPhase penerates worst-case ‘delays, clocking speed,
delays from one gate to another as well as roquired setup and hold times. Results of

timing anelysis appear in tables ar graphs, Designers use this information to decide
the spead of their circuits.
514 Postsynthesis simulation

After synthesis is done, the synthesis tool generntes a complete net-list of
lrget hardware components and their timings. The details of gates used for the
mplementation of the design are described in this'net-list. The net-list also includes
Wiring delays and load effects on gates used in the post synthesis design.
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Fioure 5.4 Post Synthesis,
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5.1.5 Hardware generation

The last stage in an automnted VIDL based design is hardware generatiop,
i'his stage penerates n net-list for ASIC mnrlu!‘;fu.':urmg1 a program for pmgmmmmg
C1L.D’s or layout of custom 1C eells,

There arc two stahdard 11DLs that are supported by IEEE:

1. VHDL (VHSIC HDL) or Very High Speed Integrated Circuils Hardwary
Description Language,

2. Verilog HDL.

——

5.2 RTL DESIGN (REGISTER TRANSFER LEVEL)

—

For the design of a digital system using an automated design environment, the
RTL design begtns with the specification of the design and ends with generating net-
list for an ASIC prphLulmn specific Integrated Cireuits), or layout for a custom IC,
or & program for PLD [ngmmmﬂb!c logic devices). The various steps followed in
the design flow are given below.

I. Write the VHDL program. Save it with a file name (filename vhd). the nume is
given to entity also, _

2. Nextis the compilation process. High level VHDL Language is converted into
net-list at the pate level.

3. Nextis optimization, where the optimized net-list is obtained.

4. Simulate the program

5. Finally, place and route software generate physical layout for PLD/FPGA chip.

5.2.1 VHDL Entry

The first step in the design of a digital system is the design entry, The design
is described in VHDL. A complete design may consist of componenis at the gate or
transistor level or behavioral ports descoribing the functionality or components
described by their bussing structure.

VHDL designs are usually described at the level that specifies system
registers and transfer ol data between register through busses, This level of system

dgs;_;rjpﬁun is referred to as register transfer level (RTL),



/’v}mu\ 5.5
Stateme

Us -
- 'hed hl uEd ﬂ:'r.!“gh Iﬂ'ﬁ".ﬂl bchwiﬂm[ dESCTimI{}IL A
poents  and 1enis arp -Sﬁucm.’m fashion similar to software
S8 bug and T i for representing, logic block, bus
iterconnect  §necifient:
sed o deser Specifications.  VHDL

: lowey level
24 com a1
le OF & transjgt ponents, These

Compilation

ki
} Gate Level net list 7

Optimization

\ Synthesis

w

Optimized net list

(Gate level)

Place and Route l

| Simulation | Physical Design

Figure 5.5 RTL Design flow
Code structure
VHDL is not case sensitive, Representing ‘a’ and *A* both are same,

Library declarations
It contains a list of all libraries which are used in the design.

"

Eg. |EEE¢ sth
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Entity
It is used to specify the inputs/output pins of the circuit,
(eg)
entity orl s
port (a,b,c: In STD_LOGIC;
y : out STD_LOGIC);
end
Here a,b, ¢ represents the input pins, y represents the output pin.
Architecture
It is used to specify the behaviour of the circuit.
(eg) architecture orlof or2 is -
begin
: ?{ﬁﬁ orb;
end or2
Mode:
The mode of the signal can be IN, OUT, INOUT, BUFFER.
Type: -
The type of the signal can be BIT, STD_LOGIC, INTEGER

Name:

The Name of the entity can be any name except VHDL reserved words.
5.2.2 Data Types e |
HDL uses the following data types
1. Scalar type
a. Enumeration
b, -Integer , . celihry VI N OBTIR T
¢. Physical .\,
d. Floating point
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2. Composite types
a. J'-"LITE}" Lype
b. Reecard lype
3. Access types

4. File types

Enumeration types

It defines a type that has a set of user defined values consisting of identifiers
and character literals. Values of an emumeration type are called enumeration
literals.

(eg) type MUL s ('v', ‘0’ 1", T');
Integer types
It defines a type whose set -al'.vu]uus fall within a specific integer range.
(eg) type INDEX is range D to 15
Floating point type
It has a set of values in a given range of real numbers.
(eg) type REAL_DATA s range 0.0to 3L9;
Physical .typns |
It contains values that réprésent mgasurement of some physical quantity like g
lime, length, voltage or current.
(eg) type CURRENT Is rahige 0o 1E9;
2. Composite types :
These are composed of clements of o single type (array type) or elements thal
have the different type (record type)

Array types
An object of an ariay 1Ype consists of elements that have the same type.

(eg) type ADDRESS_WORD is-array (0 to 63) of BIT;
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Record types

An object of record type is composed of elements of same or different types,

(eg) type PIN_TYPE Is range O to 10;

Lad

Access types

These provide acecss to objects of '
access type are pointers o a dynamically allocated objec

a given type. Values belonging to ay
t of some other type,

(eg) type PTR is access MODULE;

4. File types
These provide access to objects that contain a sequence of valuc’:s_nf & given
type. It provides a mechanism by which VHDL design communicates with

the host environment.

Syntax: type file_type_name is file of type_name;

5.3 VHDL MODELING APPROACHES

VHDL can be used in three different approaches for describing the hardware.
These three different approaches are :
1. Data flow modeling

2. Structural modeling
3. Behavioral modeling

#8.3.1 Data flow modeling

To make an effective design with VHDL, the design is typically decomposed
into several blocks. These hlocks are then intercmmccted'mgaﬂmr to form a complete
design. Therefore:a VHDL design may be completely described in a single block or
it may be represented in several blocks. The entity deseribies how that block operates..
An example for entity declaration is given helow:

entity orgate is - declaration of entity
part(a,b : in std_logic; - declaration of input pins
v: out std_logic); - de'i‘:‘ilﬁtrfa'wg'n of output pins

end orgate; - end of entity
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Here, orgate is the name

the name of the signals (qp,y
signals. The mode may be iy
{n the above example a and

of the entity. The list o (he loft of the colon contains
)- The riglt side of the colon represents the mode of the
lppt (in), output (out) or both input and output (inout).
b are the inpul signals and y be the output signal. After

declaring the entity the archi
itecture dec : . . ) _
follows. laration for the orgate entity can be written as

architectu
re arch_or of orgate s - architecture declaration

begin
y<=aorb;

end arch_or; - End of architecture

Here the name of the architecture is arch_or having the entity named as
orgate. The lines between begin‘and end describes-the operation of the design, Here
<= operator describes how the data Qows from the signals an the right side to the
sipnal on the left side. The dataflow approach indicates haw the data Nows from
input to the output. An example of dataflow approach is shown in example 5.1

Example 5.1: Write the VHDL progran for AND gafe using dataflow approach
Solation:

library IEEE;

use |EEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LDGIE_ARITH.ML;

use iEEE;STD__LDGIE_UNSIGHED.ALL:

antity andgate is
Port (a:in STD_LOGIC
b:in STD_LOGIC;
y @ out sTD_LOGIC);
end andgate; r |
architecture gates of andgate is
begin
y<=aand b;

end gates;
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Example 5.2: Write the VHDL program for OR

Solution:

library IEEE;
use |IEEE.STD_LOGIC_1164.ALL;
use |[EEE.STD_LOGIC_ARITH.ALL
use |EEE.STD_LOGIC_UNSIGNED-ALL;
entity orgale is
Port {a:in STD_LDGIC;
b:in STD_LOGIC;
y 1 out STD_LOGIC);
end orgate;
architecture gates of orgate is
begin
y<=aorb;
end gates;

—

oqfe HSING dataflow approach
-3

Example 5.3: Write the VDL progrom for XOR gate using dataflow approach

Solution:

library IEEE;
use |EEE.STD_LOGIC_1164.ALL;
use |EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity xorgate is
Port | a:in STD_LOGIC;
b:ln STO_LOGIC;
y:out STD_LOGIC);
end xorgate;
architecture gates of xorgate is

begin
y <=axorb; —e

end gates; SO
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Program for fm{( adder nusing dataflow approacl

Solution:
A —_— -
\\,) : Sum = A © B
B—
/
) Carry =AB
Figure 5.6 Logic diagram of Half adder
library |EEE;

use IEEE.STD_LOGIC_1164.ALL:
use |[EEE.STD_LOGIC_ARITH,ALL;
use |EEE.STD_LOGIC_UNSIGNED.ALL;
entity HAl Is
Port(a:in STD_LOGIC;
b:ln STD_LOGIC;
sum : out STD_LOGIC;
carry : out STD_LOGIC);
end HAL;
architecture adder of HAlls
hegin
sum<= a xor b;
carrys=3a and b;
end adder;

5.3.2 Structural modeling

Ones the basic building blo
combined together to form the comple
description of the schematic.

a— i W y
b— 2 g2

cks are defined using entities they can be
te design. The structural modeling is a textual
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The entity declaration for the above circuit is shown below.
antity circuit is
port{a,b;cin std_logic;
y: out std_loglc);
end circuit;

The architecture declaration of the structural deseription i shown below

architecture Behavioral of circuit is
signal w: std_logic;
component andgate is
port(i,j: in std_logic;.
k: out std_logic);
end component;
begin
gl: andgate part map(a,b,w);
g2: andgate port map{w,c,y);
end;
where the VHDL for AND gate (andgate)-i8 shown in :xainpla 5.1

Example 5.5: Write the VHDL cade for Fi ull adder using structural description

Solution:

a \ Sum
F}
e X3 |

Figure 5.8 L'E;gic:- diagram of Full adder:
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ibrary |EEE;

use IEEE.STD_LOGIC 11644y,
L5e IEEEFB_LGGIC,__AHITH.ACI.;
use IEEEEI'D;_LGGIC_UNSIGETEBALL'
entity fulladder s |

Port (a,b,c:in STD_LoGIc;

sum,carry : out STD_LOGIC);
end fulladder; '
architecture adder of fulladderis -
signal X1,X2,X3: std_logic;
component andgate is
port(i.j-in std_logle;
K: out std_logic);

513

end component;
-.component orgate is
port{i,j: in std_logic;
ke out std_logic):

end component;
component xorgate is

portli,j: in std_logic;
k: out std_logic)i

end campanent;
begin

© glixorgate port mapla,bX1);

g2: andgate portma pla,b,X2);
g3: xorgate port map(XL,sum);
g andgate port map(¥1,cX3);
{5: orgate port map(X2,X3.carry);

end adder;
¢ VHDL for AND pate (nndgate), XOR gate (xorgate), OR gate
in cxanfﬁiﬂ 5.1, example 3.3, example 5.2 respectively-

where th
(orgate) is shown
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5.3.3 Behavioral modeling

The behaviorl modeling approach differs from the duatallow approach ang
structural approach. This method models, how the input is guided towards the output,
It does not deal with the working of the internal circuit, Behavioral model can he
used in complex components design. It is more powerful and more convenient for
such complex design. An example for VHDL design using behavioral maodeling jy
shown below, This shows the design of XNOR gate using behavioral modeling,

Input | Output
AlDB Y
0|0 1
0|1 0
110 0
1] 1 I

Table 5.i Truth table of XN OR pate

library \EEE;
yse IEEE.STD_LOGIC_I1164.ALL;

use |EEE,STD_LOGIC_ARITH.ALL;
use |EEE.STD_LOGIC_UNSIGNED.ALL;
entity xnorgate is
Port{ a,b:in STD_LOGIC;
y -out STD_LOGIC);
end xnorgate;
architecture gates of xnorgate is
begin
process(a,b)
begin
if {a='0"and b='0') then
ye='1
elsif (a='0"and b='1") then
y<="0';
elsif (a="1' and b="0") then
y<=03
elsif (a='1" and b="1") then

end process;
end gates;
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qumple 5.6: Wri
Eyamp Write the VaDT code for full adder using

5.15

behavioral modeling

golution
Inputs | Outputs
alble|earry | sum
Qlojo] o [ o
ololi] o | 1
oltlo| o | 1
ofrft|{ 1 | 0
1{ofjo| o [ 1
11011 1 0
I{1jo] 1 |0
1[1]1] 1 1

Table 5.2 Truth table of full adder
library |EEE; i

use IEEE.STD_LOGIC_1164.ALL;

use |EEE.STD LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity fulladderl is

Port { a,b,c:in STD_LOGIC;
sum, carry : out STD_LOGIC);

end fulladderl;

architecture adder of fulladderl s
begin

process{a,b,c)

begin

If (a='0" and b="0"and ¢='0') then
sum<="0";

carry<='0;

glsif (a='0" and b="0’ and c='1') then
sume<='1";

carry<='0";

elsif (a='0' and b='1' and c='0') then
sum<="1";

carry<='0';
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elsif (a='0"and b="1' and c='l') then
sum<='0';

carry<='1"

slsif (2='1' and b="0" and ='0') then
sum<='1";

carry<="0";

elsif (a="1' and b="0" and c='1") then
sum<="0",;

carrys='1"; |

elsif (a='1" and b="1" and c='0') then
sum<="0';

carry<='1);

elsif (a="1"and b="1' and c="1") then
sum<="1};

carriy<="1;

and If;

end process;

and adder;

5.4 VHDL FOR COMBINATIONAL LOGIC CIRCUITS

Example 5.7: Write the VHDL program for full adder using dataflow modeling
Solution

)

.
| ) BC Carry =AB+BC+AC
=t

AC

Figure 5.9 Logic diagram of full adder
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ibrary |EEE;
s5e |EE E,STD_LUG'IC_HEL‘&ALL;'
58 lEEE.STﬂ_LDGIC_ARITH.hLL;
ys2 IEEESTD_LOGIC U NSIGNED.ALL;
entity FAL s
port {3 :in STD_LOGIC:
b:in STD_LOGIC:
C:in STD_LOGIC;
sun :out STD_LOGIC;
carry : out STD_LOGIC);
end FAL;
architecture adder of FA1 Is
begin
sum<=a ¥or b xor c;

arry<s faand b) or (b and c) or (a and c);

end adder;

Example 5.8: Write the VHDL program for Half subtractor using dataflow

Difference=A G B

Borrow =ARB

Figure 5.10 Logic diagram of half Subtraetor

maodeling
Solution
A
B '
brary IEEE;
| use [EEE.STD_LOGIC_1164.ALL;
entity HS1 Is

Part (A :in STO_LOGIC;
B :in STD_LOGIC;
Borrow : out STD_LOGIC]
Difference : out STD_LDGIC);
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and HS51;

architecture Behavioral of H51 is
begin

Difference<= A xor B:

Borrows<= (not A} and B;

end Behavioral;

Example 5.9: Write the VHDL program for Jull subtractor using dataflgy,

moieling

Solution

A "‘ Difference =A@ B¢

B

= 4

NrBgy 2 Borrow =AB +'BC+AC
1 —T/j e |rv
AC
Figure 5.11 Logic dia gﬁm{ 'n'f'ﬁJ,ll subtractor

library IEEE;
use I[EEESTD_LOGIC_1164.ALL;
entity FS1 is :

Port ( A:in STD_LOGIC;
B:in STD_LOGIC;
C:in STD_LOGIC;
Borrow : out STD_LOGIC:
Difference : out STD_LOGIC);

end FS1;
architecture Behavioral of FS1 is

begin
Difference<= A xor B xor G
Borraw<= ((not A) and B) or (B and C) or ((nat A) and cJ:

end Behavioral;

(A ==
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grample 3.10: Write he VHDI,

medeling program for 4:1 multiplexer nsing dataflow
Golution:
E‘:;T:Ei?w description for the 4.1 multiplexer shown in figure 2.174 is as follows,

wse IEEE.STD_LOGIC _1164.ALL;
entity muxl is
port (DO :in STD_LOGIC;
D1zin STD_LOGIC:
DZ:in STD_LOGIC:
D3 :in STD_LOGIC;
SO :in STD_LOGIC;
51:in STD_LOGIC;
Y :out STD_LOGIC);
end muxi;
grchitecture Behavioral of muxl is
begin
Y<s{(not 51) andl (not 50) and DO) or ({not 51) and S0and D) or
-{S1 and (not SD} and D2) or (51 and S0and ﬂ3}:. =—
end Behavioral;

Example 5.11: Write the VHDL program fnr i:4 dﬂ-mnfr{pfe.rer using datafliow
maodeling

L

Solution: .

The dataflow dcscnptmn for the 1:4 dc-mulhplexm' shﬁwn in figure 2.195 is as

follows,

library IEEE;

use |EEE.STD_LOGIC_1164.ALL;

entity demuxl is

port{D,51,50:in std_logic;
y3,¥2,Y1,Y0:out std_logic);

end demuxi;

architecture Behavioral of demuxl is

begin

Y0<={[not 51) and (not 50) and B);

Y1<=({not S1) and S0 and D);

¥2<={51 and (not S0) and D);

¥3<=(51 and S0 and D);

end Behavioral;
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Example 5.12: Write the VHDL program for binary to gray code convertor using
dataflow madaling
Solution: -
The dataflow description for the binary to gray code convertor shown in figure 2.228
is shown below, ,
library 1EEE;
use [EEE.STD _LOGIC_1164.ALL;
entity binary2gray is
Port { b3,b2,b1,60 :in STD_LOGIC;
g3,82,g1,g0: out STD_LOGIC);
end binary2gray;
architecture code_converter of binary2gray Is ’
begin
gh<=b1 xor b0;
gl<=b2 xor hl;
p2<=h3 xar b2;
g3<=hb3;
end code_converter;
Example 5.13: Write the VHDL program for 4-bit binary pnmﬂe.' adder using
strictural modeling

Solution _
By Az Bz A By, A By  Ag

SR NV L T [TV % (7 R L [ 7 W L

s ks

Figure 5.12 4-bit adder

iibrary IEEE; _
use [EEE.STD LOGIC_1164.ALL;
use |EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity adder4bit is
port (A:in STD_ LOGIC_VECTOR (3 downto 0};
B:in STD_LOGIC_ VECTOR (3 downto O);.
Cin:in STD_LOGIC;
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S :out STD_LOGIC vEcTg
Cout : out STD_LOGIC), R (3 downto D);

ond adderabit;
srchitecture addition of adderabit i«
gignal €1, C2,C3:5TD _LOGIC;
companent fulladder is
purﬂ.ﬂéb*m in std_logic;
sum,carry: out std_logic):
end component;
begin
fal: fulladder port map(A(0),B(0),Cin,S(0),C1);
FA2: fulladder port map{A(1),B(1),C1,5(1),C2):
FA3: fulladder port map(A(2),B(2),C2,5(2),C3);
pad: fulladder port map(A{3),B(3),€3.5(3),Caut);
end addition;

where the VHDL program for fulladder is shown in example 5.7,

Example 5.14:Write the VHDL .program for 4x4 Bit array multiplier using
structural modeling

Solution:
X b Ya ¥,
Xy ¥ | % iy
L .
HAZ le—— FAl be—2 HAY
X, '-i; ' '
5
ScRICH:
By
A4 ,,_Es_‘ FAd 4—':1-— 1A
J l._.'“
FAD
v ¥ :
1 Py 1" P "

F' Pﬁ v =
Figure 5,13 44 nrray multiplier
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lIbrary IEEE;

use |EEE.STD_LOGIC_1164.ALL;

use |[EEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity multiplier is
Port (X :In STD_LOGIC_VECTOR {3 downto 0);

Y:in STD_LOGIC_VECTOR (3 dowrito O);
P:out STD_LOGIC_VECTOR (7 downto O));

end multipller;
architectura circuit of multiplier Is
signal a: STD_LOGIC_VECTOR (14 downto 0); )
signal ¢: STD_LOGIC_VECTOR (10 downto o); 4
signal s: STD_LOGIC_VECTOR (5 downto 0);
component andgate is
port{a,b: in std_logic; |

y: out std_logic);
end component;
component halfadder is - oL
port{a,b: in std_logic;

sum,carry: out s_t,d_la gic);
end component; { QL i
companent fulladder s
port{a,b,c: In std_logic; PES e

sum,carry: out std_logic);
end component; Sz
begin
G1:andgate2 port map(X(0),y(0),p(0)); b
é{:éﬁdgatei'pn'rf'm,ﬂplxii}}'f{ﬂ}.’a{u}]; 3 L
Ga:andgate2 port map(X(0h¥(1)a(1));
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! GAanten’s? pert mapiX(a) viojay;
GsanABaTEE POt MaRX(L) (1) a(a)y;
pG:andgate port mEp(X(3),¥(0),a(4));
| grandgate2 part Map{Xi2),Y(1),a(s));
GB:andgate port map(X(3),¥(1),a(6));
g9:andgate2 port map(X(0),{2),a{7)};
G10:andgate2 port map(X(1),v(2),a(8));
g11:andgate port map(X(2),Y(2),a{9));
G12:andgate2 port map(X(3),¥(2),a(10));
G13:andgate port map(X(0),Y(3),a(11));
Gl4:andgate port map(X(1),Y(3),a(12)):
G15:andgate2 port map(X(2),Y(3),3(13));
Gl6:andgate2 port map(X(3),Y(3),a(14)); i ‘ =
| HAl:halfadder port mapia(0),a(1),P(1),c(0));
fFA1:fulladder port map(a(3),a(2),¢(0),s(0),¢{1));
rA2-fulladder port map(a(5),a(4),c(1)s(1),c(2));
HAZ:halfadder port map(a(6),c(2),s(2),¢(3));
HA3:halfadder port map{s{0),a(7),P(2),c(4)):
A3 fulladder port map(a(8),s(1).c(4)s(3).cl5)

Fad:fulladder port map{a[9],5{1],;{5},514];[6]]; |
FAS:fulladder port map(a(10),¢{3),c(6)s(5),c(7)
HA4:halfadder port mapl(s(3),2(11),P(3).c(8));
FAG:fulladder port map(al 12),5(4),¢(8),P14),c(9));
FA7:fulladder port map{a{13],515!.¢[9LFI!5L*:{10)1:
FA:fulladder port map[a{-_l'ihc['?l,ﬂiﬂhP{ELP,{?HE

it 1 for 2-input AND pate (andgate2), Half adder (halfadder),

VHD
| dF :h:r&;ﬂ](;ﬂlﬂddeﬂ are shown in example 5.1, example 5.4 and example 5.7
and Full a

respectively.
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Example 5.15: Write the VHDL program for 3 bit maguitude comparator yg;,,
structural modeling

Solution:
A; o Bl
B'-‘. ml
N m"
B ‘%E hi
n'l‘-‘il" pl it alh
Ay ol 1 -
2]
b- ni
Bi il pit 41 J EL‘
=, fl]| -
p1E ) -
ki
p15)-2! e
I ]
';\ aeb
il )

Figure 5.14 Logic diagram of 3-bit magnitude comparator
library IEEE;
use IEEESTD _LOGIC_1164.ALL:
use IEEESTD_LOGIC_ARITH.ALL;
yse IEEE.STD_LOGIC_UNSIGN ED:ALL;
entity magcomp is
port { A:in STD_LOGIC_VECTOR (2 downto 0);
8:in STD_LOGIC_VECTOR (2 downto 0);
agh : out STD_LOGIG; '
alb : out STD_LOGIC;
aeb : out STD. LOGIC);
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entl MAgcomp;

arﬂ‘iiﬂ':;U: combinational of mageomp is
nalal,bl,c -
i{:mpﬂnent n:tz;:?;:ljglIhiﬂlﬂ’ml'mlm 1,01,p1.41,r1;51: STD_LOGIC;
port{a: in'std_logic;

y: out std_logic);
end component;
component andgate is
pnrt{a,h: in std_logic;

y: out std_logic);
end component;
component andgate3 is
port{a,b,c: in std_logic;

y: out std_logic);
end component;
componant orgate3d is
port(a,b,c in std_logic;

y: out std_logic);
end component;
component norgatel is
port(a,b: in std_loglc;

y: out std_logic)
end component;
begin
gal:notgate port mapl-ﬁm.‘ﬂih
ga2:notgate port map(B(2);p1);
~ gadmotgate port maplA(1).c1);
gad:notgate port m* ptﬂil_‘.l,dll:
ga5S:notgate port map{ﬁ-lﬁljﬂl'.li
gab:notgate port map(BIO),fF1)
ga7:andgateZ port map(aL B2}, g1
gaﬂ;.andgateﬁ port map(bL,AZ)01)
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gaf:andgate2 port map(c1,B[1),11);
galO:andgate2 port map(d1,A(1),j1);
g21l:andgate port map(el1,8(0),k1);
gall:andgate2 port map(f1,A(0),11);
gal3d:norgate2 port map{gl,hi,ml}; :
gald:norgate? port map(i1,}1,n1);
[galS:norgate port map(k,11,01);
galG:andgate2 port map(mi,il,pl);
gal7:andgste2 port map(mi,jl,a1);
gal8iandgate3 port map(ml,nlkl,r1);
galtandgate3 port map(mi,nli1,s1);
ga20:andgate3 port map{m1,ni,01,aeh);
ga2irorgate3 port map{gl,pl,rl,alb);
ga22:orgate3 port map({hl,ql,51,agb);
end combinational:

—_—

| where the VHDL for NOT gate (notgate), 2-input AND gate (andgate2), 3.
input ' AND gite (andgate3), 2-input NOR pate (norgateZ) and 3-mput OR gate
(orgate3) are shown in example 5.16, example 5.1, example 5.19, example 5.17 and

example 5.18 respectively.

Example 5.16: Write the VHDL program for not gate using dataflow modeling

Solution

library IEEE;
use IEEE.STD_LOGIC_1164:ALL;
use |[EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
antity notgate Is
Port (a:in STD_LOGIC;
y : out STD_LOGIC);

end notgate;
architecture gates of notgate is
begin

y<= (not a);

end gates;



J

B’ = e

AT 5-] ?..'
fisampic Write the VHDL program for 2 input NOR gate using datafiow
modeling ' |

golnfion

(irary VEEE;
yse IEEE.STD_LOGIC_1164.ALL; |
yse JEEE.STD_LOGIC_ARITH.ALL; |
ss0 |EEE,STD_LOGIC_UNSIGNED.ALL;
antity norgate2 is

port (a,b:in STD_LOGIC;

y : out STD_LOGIC);

end norgate;
architecture gates of norgate s -
begin
y<=(a nor bj; '
#nd gates;

Example 5.18: Write the VHDL program for 3 input OR gate using datafiow
modeling

Solution

library |IEEE;
use |EEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use |EEE.STD_LOGIC_U NSIGNED.ALL;
antity orgate3 is

Port{a,be:in sTD_LOGIC;

y :out sTD_LO GIC);

end orgate3d;
architecture gates
begin
y<=a or borc
end gates;

of orgate3 Is
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Example 5.19: Write the VADL program for 3 inptl AND gate using datafig,
moideling _

Solution

library |EEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH,ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity andgates Is
Port {a,b,c:in STD _LCGIC:
y :out STD_LOGIC);
end andgate3;
architecture gates of andgate3 Is
begin |
. y<=3and band ¢;
end gates;

Example 5.20: Trite the VHDL program for CMOS AND gate.

Solution
VHDL for CMOS AND gate
I +Vou
_{1 [ PMOS (Q)) CI [ PMOS (Qs)
. —Cl [PMGS.{Qs]
s’ | Y
u ’ I
* :
b = _1 Vs
- || NMOs (@) =
Vs

Fig}lrc' 5.15 CMOS AND gate
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orary 1EEE;
gse [EEESTD_LOGIC 1 164,.ALL;
use |EEE.STD_LOGIC_ARITH.ALL:
yse JEEE.STD_LOGIC_UNSIGNED ALL:
entity cmosant is T
port {a,b i STD_LOGIC;
Y :out STD_LOGIC);
pnd cmosand,;
architecture cmos of emasand is
sjgnal veel,gnd L x1x2:std_logic;
component pmos is
port[SL,G1L: in std_logié;
Di:out std_logic);
end component;
component nmos is
nort{S1,G1: in std_logic;
D1: out std_logic);
end camponent;
begin
vecl<="1";
gnd1<="0";
Ql:pmas port map{vecd,a,n2);
Q2:pmos port map(veel, bx2);
a4:nmos port mapigndi,bx1);
Q3:nmos port map{x1,2,x2);
Q5:ptmos port map(veelx2 Yy
Qe:nmos port map(gnd1,%2,Y);
end cmos;

VHDL for PMOS

Iibrary 1IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.'STD'_LE-GIE_AHITHALL:
use [EEESTD_LO GIC_U NSIGNEDLALL;
entity pmos is
Port (51,61 : in STD_LOGIC;

- D1:out STD_LOGIC);
end pmaos; .
architacture Beh avioral of pmosis
bagin
D1<=51 when G1='0"else 'Z;
end Behavloral;
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VHDL for NMOS

library IEEE;

use |[EEE.STD_LOGIC_1164.ALL;

use |EEE.STD_LOGIC_ARITH.ALL;

use |EEE.STD_LOGIC_UNSIGNED.ALL;

entity nmos is
port (51,61 :in STD_LOGIC;
p1;eut STD_LOGIC);

end NnMOS;
architecture Behavioral of nmos is

begin
D1<=51 when G1="1' else 'Z';

end Behavioral;

Example 5.21: Write the VHDL program for 4 to 2 Encoder nsing dataflow
modeling. '

Solution:

library |EEE;

use IEEE.STD_LOGIC_1164.ALL;

use [EEE.STD_LOGIC_ARITH.ALL;

use [EEE.STD_LOGIC_UNSIGNED.ALL;

entity encoderdto is

Port (10,1,12,13 :in STD_LOGIC;

E0,E1 : out STD_LOGIC);

end encoderdtol;

architecture encoder of encoderdto2 is

begin

E0<=110r 13;

E1<=12 ori3;

end encoder;

Example 5.22: Write the VHDL program for 2 fo 4 decoder using datafloV
modeling. .

Solution:

library JEEE;
use |EEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_,LOGIC_UNSEGNED.ALL;
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entity decoder2tod js
port (1LI0:in STD_togc;
00,01,02,03 : out STD_{0G]c):
end decoder2tod;
architeciure decoder of decaderztod Is
begin
poe= (not 11) and (not 10);
ple<= (not I1) and I10;
pz<=11 and (not 10);
p3<=11 and I0;
end decoder;

E.s VHDL FOR SEQUENTIAL LOGIC CIRCUITS

Examiple 5.23: Write the VHDL code for SR _ﬂr‘p—ﬁn}; using behavieral modeling

Solution:

S|R|Quea State

0]0| Qy |Nochange

011 0 | Reset

110 1 Set 441

1] 1| X |Indeierminate

Table 5.3 Truth table of SR flip-flop .-

library IEEE;

use [EEE.STD_LOGIC_1164.ALL;
use IEEESTD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

. entity srff is

Port ( 5,R,CLK : in STD_LOGIC; i
Q:inout STD_LOGIC);

end srif;
architecture Behavioral of srff is

_begin

pro :ESS{CLK,S,R]
begin
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if{CLK'event and CLE="1") then
if{s="0" and R="0'}then
Q<=0

elsif[S="0" and R="1") then
Q<="0"%

elsif(5="1" and R="0") then
Qe="1";

glse null;

end if;

end If:

end process;

end Behavioral;

Example 5.24:

Solution:

Table 5.4 Truth table of JK flip-flop

library IEEE;

use IEEESTD_LOGIC 1164.ALL:

JI K| Queq | State

00| Q, |Nochange

01 0 | Reset
Ji]e] 1 |[Set

1|1 Q, |Togegles

use IEEESTD_LOGIC_ARITH.ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL:

entity jkffis
Port { J,K,CLK : In STD_LoGIC:
Q: inout S5TD_LOGIC);

end JKfF;

architecture Behavioral of lkff is

begin
process{CLKJ,K)

begin

iflcLK event and CLK="1") then

WWrite the VEDL code for JK flip-flop using beltavieral modeling
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l1='0" and K="D"}than
ge=t

E];]ﬂj:'l]' and K='1") then
ae="0";

cleif()="1" and K='0") then
ae='1";

eleffi)="1"and K='1') then
ge={not Q) ;

end I

end If;

gnd procass;

et Behavioral;

Example 5.25: Write the VHDL code for D flip-flop using behaviorat madelint

Solution:
[D Qqsq | State
D] 0 |Reset
1 1 Set
Table 5.5 Truth table of D flip-flop
library |EEE;

use IEEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL
use |EEE.STD _LOGIC_UNSIGNED.ALL:
antity dff is |
Port { B,CLK :in STD_LOGIC;
Q:out STD_LOGIC);
end dff;
architecture Behavioral of dif is
begln
process(CLK,D)

].'Ieg]n
If{CLK event and CLK="1'}then
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if{D='0") then
Q<='0%

alse

qc___,l 11;

end if;

end if;

end process;
end Behavioral;

Example 5.26: Write the VHDL code for T flip-flop using belavioral inodeling

Solution:
T | Qusa State
0| Q. |Nochange
1| Qn |Toggles
Table 5.6 Truth table of T flip-flop
library IEEE;

use I[EEESTD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity tff is
Port (T,CLK : in STD_LOGIC;
Q:inout STD_LOGIC); .
end tff;
architecture Behavioral of tff is
hegin
process{CLK,T)
begin’
if(CLK" event and CLK="1")then
if{T='0") then
O<=0;
efse
Q<= (not Q);
end if;
end if;
end process;
end Behavioral;

i-J "1"."-' a 1\ '.' |
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marfef,fﬂ; TIDL code for 4-bit up-connter using behavioral

Solution:

fiprary IEEE;

use |[EEE.STD_LOGIC_1164.ALL:
yge [EEE.STD_LOGIC_ARITH.ALL:
use IEEESTD_LOGIC_UNSIGNEDLALL;
entity upcountl js

port ( clk: in STD_LOGIC;

count ; out STD_LOGIC_VECTOR {3 downto 0));

end upcountl; |
architecture Behavioral of upcountl is
signal temp: STD_LOGIC_VECTOR (3 downto ):="00007;
begin
process{cik)
begin |
iflelk="1") then
temp<=temp+ "0001";
end if;
count<=temp;
end process;
end Behavioral;

Example 5.28: Write the VHDL code for 4-bit down counter using behavioral
modeling ;

Solution:

library 1EEE;
use lEEE.STDﬁLGGIﬁ_llEd.A!.L;
use IEEE.STD _LOGIC_ARITH.ALL;
use IEEESTD_LDGIC_UNSIGNED;ML;
entity downcountl is

port (clk:ln STD_LOGIC; |

count ; out STD_LOGIC_VECT OR {3 downto O});

end downcountl;
architecture Behavioral of downcauntl is
signal temp: STD_LDEIE__UECI' OR (3 downto D):="1111";

begin ‘
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procass(cik)

begin

iffclk="1"} then
temp<=temp- "0001";
end if;

count<=temp;

end process;

end Behavioral;

Digital Logic Cirayjg;
T o ——

Example 5.29: Write the VHDL code for decade cotnfer nising beliavigry

medeling
Solution:
library IEEE;
use [EEE.STD_LOGIC_1164.ALL;
use |[EEE.STD_LOGIC_ARITH.ALL;
use |[EEE.STD_LOGIC_UNSIGNED.ALL;
entity decade_counter Is
part(
reset:in STD_LOGIC;
clk : in STD_LOGIC;
Qout : out STD_LOGIC_VECTOR(3 dawnito 0)
)
end decade_counter; _
architecture counter of decade_counter s
negin
count : process (reset,clk) is
variable m : std_logic_vectar (3 downte 0) := "0000";
begin '
if (reset="1") then
m = "0000";
elsif {rising_edge (cik)) then
mi=m+l;
end If;
if (m="1010") then
m = "0000";
end if;-
Qout <=m;
end process count;
end counter;
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Example 5.30: Write the VADL code for serlal-in serinl-out shift register using

vHDL
streetural modelin o
Solution:
Dy
Gnputy § 0 e 0

> [

Figure 5.16 Serial-in Serinl-Out shift register

library IEEE;

use IEEESTD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL:
use IEEE.STD_LOGIC_UMSIGNED
entity siso is

port{Din,CLK:in std_logic;
Doutout std_logic);

ent siso;

architecture register of siso is
signal GQA,QB,QC:std_logic;
component dff Is

port(D,CLK: in std_loglc;

Ontout std_logic);

end component;

begin

fi1: dff part map(Din,CLK,QA);
ff2:dff port map{QA,CLK,QB);
fi3:dff port map|QB,CLK,QC);
ff4:dff port map(QC,CLK,Dout);
end register;

where the VHDL for D flip-flop (dff) is shown in example 5.95.

ALL;

 (output)
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5.5.1 Finite state Machine (FSM)

The finite state machine is used to design a sequential logic circuit, The f; Inite
state machine have finite number of user defined states. The machine 18 in only gua
state at a time. The state at any given time is called the current state, Il can chang,
from one state to another when initiated by a triggering event or condition. The sty
that oceurs after triggering event or condition is called next state. The following

example shows the VHDL program for a state machine.

Figure 5.17

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEESTD _LOGIC_ARITH.ALL;, | .
use |[EEE.STD_LOGIC_UNSIGNED.ALL;
entity seqllis

Port (clk : in STD_LOGIC;
s _intin STD_LOGIC;
s_out:out STD_LOGIC);

end segl;

architecture Behavioral of seql Is

type state_type is (s0,51,52,53,54);

signal current_state, Next_state: state_type;

begin

process(clk)

begin

if(clk="1")then

current_state<=next_state;

end if;

end process; '
process (current_: state)

begin _

case current_state is

when s0=> .
s oute='"0]
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if{s_in="0") then
Next_state <=sp.
else
Next_state<=g1:
end if:
when s1=>
5_out<='0";
ifls_in="0") then
MNext state <=82:
else
Next_state<=s1;
end if;
when s2=>
‘5 pute="0"
if{s_in="0") then
Next_state <=s3;
else
Next_state<=s0;
end if;
when s3=>
if(s_in='0") then
Next state <=s2;
s_out<='0";
else
Next_state<=sd;
s out<="1";

end if;

when s4=>
s_out<="0};
if{s_in='0") then
Next_state <=52;
else _
Next_state<=sl;
end if;

when athers=>
MULL;

end case;

end process;

end Behavioral;

e

5.38
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Example 5.31: Write the VEDL code for the given state diagram, using belavigrg;
modeling, Design it using one-hot state assignment and impleymg,, (

it using programmable Array logic (PAL).

W=l
Figure 5.18
Solution:
VHDL code )
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use |EEESTD_LOGIC_ARITH.ALL;
use |EEE.STD_LOGIC_UNSIGNED.ALL;
entity seql is
Port ( clk: in STD_LOGIC;
Win STD_LOGIC;
Z : out STD_LOGIC);
end seql; |
architecture Behavioral of seql is

type state_type is (A,B,C);

signal current_state,Next_state: state_type;
begin

process{clk)

begin
iffelk="1")then

current_state#next_state:

end if;
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pnd process;
process (currant_state)
begin

case current_state |s
when A=>
iffw='0") than
Next_state <=A;
z<='00)

else |
Next_state<=8,
Z2<='0";

end If;

when B=>
iflw='0") then
Next_state <=A;
Z<='D%

glse
Next_state<=C;
Ze='1h

end if;

when C=>
ifiw='0") then
Next_state <=A;
<=0

elsa
Next_state<=C;
Z<=""

end if;

when others==
NULL;

end case;

end process;
end Behavioral;
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Implementafion using PAL

Step 1: Draw the stote tnble

Present state | Next siafe Outpnt
' W=l) w=1 | w=0 1?’31
A A n 0 0
B A C 1] I
Q! A C 0 .

Table 5.7 State ble

Step 2: Reduce the number of states if possible

Here states ‘B’ and *‘C' have snme next stales and Output. So the state B’
and “C’ can be reduced to a single state "B

Present state | Next state Qutput
W=0 | W=1 =0 | W=1

A A B 0 0

B A B 0 1

Table 5.8 Reduced State table

Step 3: Assign binary values to the statés and plot the transition table by choosing
the type of Flip-flop. Use the following T Flip-flop excitation table to find

the value of T |
AlAT|T
1o 0|0

1 0 T 2

(0 O

1] 1]0

Table 5.9 Excitntion table of T flip-flop
Present state | Tnput | Next state | Flip-flop inputs | Qurput

a W at T Z
0 0 0 0 0
0 I | I 0
1 0 ] . I 0
] I | 0 1

Table 5.10 Trinst{ion table
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gtop 4¢ Derive the Flip.

flop input
Mt equations and OUtput equations nsing K-map

K-map for T
. W w K-map for 7.
0 1 W v o
n f 1

IO « 1| o6

2 1
B | L
T=3aw+aW 7= aW
PAL program table
Product term | AND inputs Outputs
W a
aw 1 0
7 5 : T=aW+aW
aW 1 : Z=aW
|J Table 5.11
. Logic diagram
w W a 3
| T :
: T Qx
| 2 A—H ) :)
L x|

D
, . [—
e x
Al figes intact

(always=0)
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5.6 OPERATORS o
in VHDL. The diffierent types of

There are various built-in operators

operators are given below.

1. Logical aoperators

2. Relational operators

3. Shift operators.

4, Arithmetic operalol's

5. Concatenation operator
6. Miscellaneous operalors.
A

Logical operators

The logical operators NOT, AND, OR, NAND, NOR and XOR can be ysig
with any bit type or bit_vectors. When these operators are used on bits, they haye
their usual meaning. For example, if a=1 and b=0; then a xor b will give a value '
If logical operators are nsed as bit_vectors, the bit vectors must have the same
number of elements and the operation is performed bitwise. For example if a=101¢

and b=1111. then a xor b-will be ‘0101"

5.6

(eg) and , or, not, nand, nor, xor, Xnor

y<=a and b

y<=aorb

y<=(not h)

y<=a nand b

y<=anorb

y<=a xor b

Y<=a xnor b

5.6.2 Relational operators

I'I‘he reluhﬂqgt operators =, /=, <, <= > , >= have their usual meanings. 11¥
result of all these operator is o Boolean valye (TRUE or FALSE h The arguments €
the = and /= operators may be uf'ﬂny type. But the arguments f:-hth E{&E} uhd:-ﬁ
operators may be any scalar Bype (integer, real ang Ph}'ﬁcalinnr tt;ze b;i 's:etl;:lr type. I
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= g ————
: Not equal (o

__l__‘—-‘q_______—_______'
= | Less thay

> _| Greater than

b= —

Grenter than oy equal Lo

Table 5,12
56.3 Shift operators

Shift operator performs shift operatiot such as left shift, right
rght and rotate lefl. The operations of shift operations are deseri hr;d helo

“1001" sll 2 => 0100 '

“1001" srl 2 => 0010

“0101"sla 2 => 0111

“1010" sra 2 => 1110

“0111" rol 2 => 1101

"1011" ror 2 => 1110

shift, rotate
w,

sl | Shifi left logical

srl | Shift right legical

sia | Shift lefl arithmetic
sra | Shift right arithmetic
ral | Rotate left

ror | Rotate right

I ~ Table5.13
An example for shift left operation is shown below

library IEEE;

use [EEE.STD_LOGIC_1164.ALL;

use leee.numeric_std.all;

entity shifting is .
port(a:in unsigned(3 downto 0);

b1 out unsigned(3 downto 0));

end shifting; |

architecture Behavioral of shifting Is

begin Al

he=asll2;

end Behavioral;




5.6.4 Arithmetic operators

The typical arithmetic operators are * (addition), - {suhl.rag:m;.ln)‘ '
(multiplication) and / (division). Althougl these operators are not built-in. for
bit_vectors, they are used with bit_vectors by interpreting them. 85 & bin
representation of integers, which may be added, subtracted, multiplied or divided

+ | Addition

- | Subtraction |
* | Multiplication:
/| Division

Table 5.14
An example for arithmetic addition aperation is shown below.

library IEEE;
use |EEE.STD _LOGIC_1164.ALL;
use |EEE.STD_LOGIC_ARITH ALL;
use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity addition Is
Port{ a,b : in unsigned(3 downto 0);
c: out unsigned{3 downto 0)); '
end addition; =
architecture Behavioral of addition is
begin o
c==a+h;
end Behavioral;

5.6.5 Concatenation operator

The concatenation operator is a built in VHDL operator that performs the
concatenation of bit_vectors, For example if a=1010 and b=1101, then te
concatenation operation will give a 8 bit number “10101101” such that “a’ ison the
left half and ‘b’ is on the right half.

An example for concalenation operator is shown below

library IEEE; — _ L
use |EEE.STD_LOGIC_1164,ALL;

use |EEE.STD_LOGIC_ARITH.ALL;
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50 [EEESTD_LOGIC_UNSIGNED,ALL;

ity addition is |
port (3,02 1n unsigned{3 downto

c:out unsigned{7 downtg o))

End add[ﬁun; F

architecture Behavioral of addition is
begin

ce=a b

end Behavioral;

56.6 Miscellaneous operators

The 1 ise %
|: e b’pv;ai niiscellaneous operator includes, abs (absolute),
Exponentiation, mod (Modulus), rem (remainder) efc.

abs || Absolote

e | Exponentiation
| -

mod | Modulus

l' rem | remaindes _J

Table 5.15

57 PACKAGES

A package is used to provide a convenient method to store and share

declarations that are common for many design units.
It is represented by |
> A package deelaration and
| 7 A package body
5.7.1 Package declarations

% Tt contains asel of declar
units, It defines ilems whi

ations that may be shnred by various design
ch are made visible 10 othier desigmunits.

% A packag® hody contains ’th.:- hidden details of 8 package.
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Syntax of packape declaration

Package package name is
Package item declaration
- Sub program declaration
- Type declaration
- Sub type declaration
- Constant declaratlon
= Signal declaration
- Variable declaration
- File declaration
- Component declaration
- Attribute declaration
- Attribute specifications
- Disconnection specifications

- Use clauses
end [package] [package name];
(eg)
Package example s
Constant L2H : TIME ; =60N5
type output Is (ADD,SUB);
Component NOR2
Port (A,B; in; ¢; out);
end component; )
end example;
These can be accessed by other design units by using the library and use
clavses.

Use work.example,all; <> It includes all declarations from package example

package proglis
constant delay: Time; deferred constant

1]

end package progl;
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5.7.2 Package Body

It contains the behavior of the subprograms and the values of the deferred

consiants which are declared in a puckage declaration. The syntax of a package body
is given below.

package body package name Is
Package body item declaration

- Subprogram bodies

- Complete constant declarations
- Subprogram declarations

- Type and subtype declarations
- File declaration

- Use clauses

end [package body] [package name];
The package name must be the same name of its corresponding package declaration.
Progl is the name given in the last example. '

Package body progl is

Use WORK.TABLES.all’

constant Delay : Time:=20ns

function

begin

end “and”;
The package body is used to store private declarations.

A package declaration is used 1o store public declarations that can be

accessed by other units.

5.8 SUBPROGRAMS

Procedures and function are the two types of subprograms,

Functions :
These are used for'computing a single value. It executes in zero simulation

{ime. b
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Procedurcs:

These are used to partition large behavioral deseription. Procedures can ratye,
zero or more values. [t may or may not exceute in 2ero simulation time. It depeng,

whether the wait statement is used ot not.
The format Tor subprogram is

Subprogram specify Is
Subprogram item declarations
begin

subprogram statements

end [function/procedure] [subprogram name];

subprogram speciﬁ&ation is used to specify the name of a subprogram and it defines
the format parameter names, their class. {cg signal, variable, constant) and thejr

mode (in, out, inout).
Parameters of ‘in® mode are read only parameters, parameters of ‘out’ mode

are write mﬂy parameters, parametcrﬁ of ‘inout’ mude can be read and write.
|.i

Actuals
Actual is a subprogram call is used to pass the values from and toa.

subprogram :
If the parameters of ‘variable’ or *constant’ class are used, values are passed

to the subprogram by value,
Arrays may or may not be passed by reference.
_ Files are passed by reference.
Subprogram item declnratiun'

[t contains a set of declamnuns that, are accessible for used within &
subprogram. Variables are created and initialized every time, \ when the subprogram

called.
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gubprogram statements

It contains se . .
quential statements whi :
pﬁrf{}rmed by the subprogram. nts which can define the computation to be

Retum statement is allowed only within the subprogram

return iE}:p rgsﬂnn] |

F‘-ﬂ_tum statement is nsed to terminate the subprogram and control ills returned
to the calling program. ' |
Subprogram Name

It is available at the end of a subprogram body.

Functions:

These are used o describe the sequential algorithms which are frequently
used. Jts syntax is

[pure/impure] function function hame [parameter list, return return_typel
Purc function ' o |

The function that returns the sﬁm valug each ume: it is called as pure
function |
Impure function _ ] _ 1

The function which potentially rétums diﬂ.‘e_rent' ﬁﬁh_m each time it is called
as impure function. i

Parameter list
It is used to describe the list of formal parameters

Function call

function name (list of actuals)
Procedures

It permils decomposition of large behaviors into modular sections, It can
return Zero or more values using parameters of out, inout mods. Its syntax is
procedure procedure name (parameter list)
The syntax of a procedure calls

[Label 3] procedure name (list of actual)




Ebs?- Lngiial I.l]glc Cimu“s

—_—

—_—

5.9 TESTBENCH

———
The stimulus that tests the functionality of the design is called a testbenyy,
il testhench is also written in HDL. Thus after simulating the design, the
fimietionality of the design is tested using 4 testbench. The operation of digital cireit
| 4t has been designed can be verified fast and accurately by functional and liming
simulation. In the simulation stage the design errors and incompatibility of
_omponents can be detected, Simulating a design requires generation of test data ung
Mservation of simulation results. This process can be done by use of VHDL modye
that is referred as a testbench.

In functional simulation, the circuit Togical npﬁmﬁnn 15 studied by 'dgﬁﬁng
the truth table of the circuit indepéndent of timing considerations.

[n timing simulation, the circuit operation is studied by considering the
timing behavior of the circuit.

% A testbench is used to verify the functionality of a design.

» A testbench is at the highest level in the hierarchy of the design. 8o a
testbench is a model which is used 1o exercise and verify the correctness of 2
hardware model.

% The testbench provides the necessary input stimulus to the (Design under
test) DUT and examines the output from DUT,

Stimulus Driver

’ '

DUT

Good Results

§lrggein
[ AT

Figure 5.20

RN
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The testbench is used for

» Generating stimulus for simulation,
¥ Applying the stimulus to the DUT and collect the output.
» Comparing obtained output with expected output.
5.9.1 Types of Testbenches
The testbenclios are classified into
Stimulus only
Full testbench
Sinmilator specific
Hylrid testbench
5. Fast testbench
1. Stimulus only
% The stimulus anl-y testbench contains the stimulus driver and DUT
blocks of a testbench,

% The testbench won't verifies the results.

=N e

Stimulus Driver

l

puT

!

Designer should
yerify the results

Figare 5,21

2. Full testbench
3 A full testbench is similar to a stimulus only testbench except that the
full testbench also includes the capability to check the output of the
DUT, -
5 Full festbench generate stimulus to DUT and then verify the results.
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written specifically for one brang
ude a command language that

{ utilize only one technique, but g

5.54
3, Simulator specific
» The simulator specific testbench is
of simulator. Most simulators inclu
allows the designer to control the simulator-
4, Hybrid testbenches
» Hybrid testbenches do no
combination of a number of techniques.
5. Fast testbench

» Speed of simulation is an important factor in all testbench. This is

hecause how fast a simulation can Tur. The testbenches consumes

more time to read data from vector files, because those files are very
fast testbenches.

large. To avoid such problems a designer can use

The testbench format is shown below
_ entity testbenchl is -

&nts *r - g il -
architecture testbench2 of testbenchl is
component test
port (port names and modes)
end componeént;
local signal declarations;

begin

e ———

—

Port map (port associations);
- end testbench2;

5.9.2 Waveform generation

Two methods can be {ollowed to generate waveforms

1. .Repeﬁtive pattern ot v e o

9. Non-Repetitive pattern or vector pattern
L& ATt
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1. Repetitive Paftery

Repetitive patte,

statement,

(eg)

cLk 4

L

T ———j

5.55

Wavefory, ¢
W'be penerateq by using the following

If Clit<=nat clk afyer 10 ny

[ 1
CU L 0  Timitm)

Figure 5.22
Here ON period and OFF period are same

Process
constant OFF period; TIME; =10ns;
constant ON period; TIME; =5ns;

 begin :

wait for OFF period;
clk «="1';

wait for ON period;
clk<="0";

end process

0

5

i 1 1 | | —

I ! { i J Ve 2q ime
"5 20 25 30 35 40 45 S0 Time(ns

Figure 5.23
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Z, Non repetitive wavelorm
» Non repetitive waveform can he generated by using following
statemznt, |
Clk<=‘0’, ‘1’ after 50ns, ‘0’ after 80ns, ‘1" after 100 ns

crk 4

S

i I i 1 1 i 1 E i i
" S, SR /U, M, SRR PR [
l z 10 |5 200 25 10 35 40 45 50, ‘Teme(ns)

Figure 5.24
The testbench program of halfl adder is shown below,

LIBRARY iges;

USE jeee.std_logic_1164,ALL;

USE ieee.std_logic_unsigned.all;

USE ieee.numeric_std.ALL;

ENTITY HA_testbench_vhd IS

END HA_testbench_vhd;

ARCHITECTURE behavior OF HA_testbench_vhd IS _
— Camponent Declaration for the Unit Under Test (UUT)
COMPONENT halfadder
PORT(

a rINstd_logic; ~
b :IN std_logic;
sum : OUT std_logic;
carry : OUT std_logic
)
END COMPONENT; '
-inputs
SIGNAL a ; std_logic:="07
SIGNAL b ; std_logic := ol

~Qutputs
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— Instantiate the Unjy Un

uut: halfadder PORT Map,
d=> 3,

ba>b,
sUm => sum,
carTy => carry

)

th : PROCESS

BEGIN

a<="0"

He='0'
walt for 100 ns;

A=l
et

walt fdr 100'ns;

ae="1"
wait for 100 ns;

ac="l";

bes"l; |
wait for 100 ns;
Wﬂi?;

END PROCESS;

END;

Sclution:

UBRARY feee; »
‘Ut lesa st logic_1164ALL

USE jeee.std_logic. unsign ed.all

USE leee.numeric_ std.

ENTITY adder,_test. ha1s
.mﬂ adder_test_ vhd

ARCHITECTURE be

der Test (uur)

< OF adder. te-'FL“hd

5.57

wllel adder
Exaniple 5.32: Write the festbenclt program for 4:hit binary parallel o
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COMPONENT adderdbit

PORT{
A i IN std_logic_vector(2 downto O);
B 1 IN std_logic_vector(3 downto O);
Cin : IN std_logic;
S : OUT std_logic_vector(3 downto 0);
Cout : OUT std_legic
)

END COMPONENT;

SIGNAL Cin ; std_logic:= 0%

SIGNALA: std_logic_vector(3 downto 0) = (others=>'0");

SIGNAL B : std_logic_vector(3 downta 0) := (others=>'0');
—Dutputs
SIGNALS :'std_logic_vector(3 downto 0);
SIGNAL Cout : std_logic;
BEGIN

wut: adder4bit PORT MAP(

A=sA,

B=>B,

Cirr=> Cin,

. 5§=>85, : ' )
, » Cout =2 Cout

7
tb : PROCESS
BEGIN
3<="0000"; ' i
Be="Ol01™ @ . Y '
wait for 100 ns;
a<="1100"}
h"’:“ﬂlﬂn"i’
‘wait for 100 ns;
g<="1111";
‘E‘:=“ﬂ_m0"; '
wait for 100 ns;
a<="0010";
b<="1101"; e
wait for 100.ns; g R -
ENDPROCESS . .

END;



