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Abstract:- 

A hardware description language or HDL is any language from a class of computer languages, specification languages, 

or modeling languages for formal description and design of electronic circuits, and most-commonly, digital logic. It can 

describe the circuit's operation, its design and organization, and tests to verify its operation by means 

of simulation.VHDL (or VHSIC Hardware Description Language) is a hardware description language which is used for 

the designing of electronic design automation to describe digital and systems of mixed-signal type such as integrated 

circuits and programmable gate arrays. It can also be used as a language for general purpose parallel programming.HDL 

(Hardware Description Language) based design has established itself as the modern approach for designing of digital 

systems, with VHDL (VHSIC Hardware Description Language) and Verilog HDL being the two dominant HDLs. Large 

number of universities thus introduce their students to VHDL. The problem is that VHDL is complex. Introducing 

students to the language first, and then showing them how to design digital systems with the language, tends to confuse 

students. 
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I. Introduction  

Most of the time VHDL used to write text models that describes a logic circuit. Such a model is processed by a 

synthesis program, only if it is part of the logic design.  

We can design hardware in a VHDL IDE for FPGA implementation such as Xilinx ISE, Altera Quartus, Synopsys 

Synplify or Mentor Graphics HDL Designer to produce the RTL schematic of the desired circuit. After that, the 

generated schematic can be verified using simulation software which shows the waveforms of inputs and outputs of 

the circuit after generating the appropriate test-bench. To generate an appropriate test-bench for a particular circuit 

or VHDL code, the inputs have to be defined correctly. For example, for clock input, a loop process or an iterative 

statement is required.  
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A final point is that when a VHDL model is translated into the "gates and wires" that are mapped onto a 

programmable logic device such as a CPLD or FPGA, and then it is the actual hardware being configured, rather 

than the VHDL code being "executed" as if on some form of a processor chip. 

A program is used to test the logic design using simulation models to represent the logic circuits that interface to the 

design are known as simulation program. This collection of simulation models is commonly known as testbench. 

VHDL has processes (constructs) to handle the parallelism inherent in hardware designs, but these constructs differ 

in syntax from the parallel constructs in taskssuch as Analysis and design of Algorithms. Like Ada, VHDL is 

strongly typed and is not case sensitive. In order to directly represent operations which are common in hardware, 

there are many features of VHDL which are not found in Ada, such as an extended set of Boolean operators 

including NAND and NOR to support logic gates operations. VHDL also allows arrays to be indexed in either 

ascending or descending direction; both conventions are used in hardware. 

VHDL consists file input and output capabilities, and can be used as a general-purpose language for text processing, 

but files are most commonly used by a simulation test-bench for verification data. There are some VHDL compilers 

which build executable binaries. It might be possible to use VHDL to write a test-bench to verify the functionality of 

the design using files on the host computer to define stimuli, to interact with the user, and to compare results with 

those expected. However, most designers leave this job to the simulator. 

It helps inexperienced programmers to develop code that simulates successfully but that cannot be synthesized into a 

real device, or is too large to be practical. One particular drawback is the accidental production of transparent 

latches rather than D-type flip-flops as storage elements. 

II.  Designing 

In VHDL, a design consists at a minimum of an entity which describes the interface and an architecture which 

contains the actual implementation. In addition, they also consists some pre-defined library files which we can 

import at the time of need. Some designs also contain multiple architectures and configurations. 

A) Structure of VHDL: 

Module Structure: 

There are two methods of creating a model: top-down and bottom-up.Being a modeling language, VHDL provides a 

large variety of constructs to fit the various methods and level of details used in modeling. Amongst these are: 

Entities, Architectures, Packages, and Libraries. 

Here signals are used for propagating the data through the different stages of the implementation. Sometimes these 

signals are used to instantiation of the components which we are using in our design. These behave like a road map 

for propagating the data.A variable may be given an explicit initial value when it is declared. If a variable is not 

given an explicit value, its default value will be the leftmost value of its declared type.Variables within subprograms 

(functions and procedures) are initialized each time the subprogram is called. 

Entity: 
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An entity is used to describe the interface of the VHDL module to other modules. All signals entering or exiting a 

VHDL module must be declared in the entity declaration. An example of an entity describing the interface for a two 

input AND gate can be found below: 

ENTITY and2 IS 

PORT(A : in std_logic; 

B :in std_logic; 

F :out std_logic); 

END and2; 

Inside the entity a port declaration can be found. There are the following kinds of ports: 

Type: In    

Description: Specifies a port that can be read from but not written to. An in port cannot be used on the left side of 

an assignment. 

Type: out 

Description: Specifies a port that can be written to but not read from. An out port can only be used on the left side 

of an assignment. 

Type: in / out 

Description: Specifies a port that can be read and written to. An in/out port is commonly used to describe tri-state 

buses. 

Type: buffer 

Description: Specifies an out port whose current value can be read from. The same functionality can be achieved by 

assigning to an internal signal in the VHDL code, reading from that signal when needed, and assigning the internal 

signal to the out port using a concurrent statement. 

 

B) Types of Architecture Implementation: 

Architecture can be implemented in different ways depending on its purpose. 

Structural: 

A structural implementation connects and instantiates other modules. It serves to organize and connect modules 

together. A strict structural implementation contains only other instantiated blocks wired together using port maps. 

Behavioral: 

A behavioral implementation describes how a modules should function using the full array of VHDL constructs 

available. Behaviorally designed modules are not necessarily synthesizable, but are useful for modeling and testing 

synthesizable modules. 
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Register Transfer: 

A register transfer implementation describes the functionality of a module in terms of registers and the 

transformation of the data that flows between the registers. Register transfer implementations are commonly used to 

describe modules that are to be synthesized on actual devices 

Package: 

A VHDL package is used to contain a group of reusable data types, functions, procedures, and other VHDL 

constructs. The basic syntax for a package is as follows: 

PACKAGEpackage_nameIS 

... 

ENDpackage_name; 

PACKAGEBODYpackage_nameIS 

... 

ENDpackage_name; 

The package header is for the declaration of VHDL constructs. The package body is for their implementation. Not 

all constructs (such as data types) need an entry in the body. The body is commonly used for function and procedure 

implementation. 

Libraries: 

A library establishes a namespace for the modules to exist in. When compiled by a simulator or synthesis tool, every 

package and entity is compiled into a library. There is no way for a VHDL file to specify which library it is 

compiled into. This is determined by the tool used to compile the VHDL code. The default library that tools compile 

VHDL objects into is called work. This means the following statement is assumed when creating VHDL models: 

librarywork; 

VHDL models can use the library keyword to make libraries visible to a module and use objects from them. This is 

needed to include packages from other libraries and to directly instantiate entities from other libraries. 

libraryieee; 

useieee.std_logic_1164.all; 

useieee.numeric_std.all; 

The library keyword makes a library visible to a VHDL design. After the library is made visible, packages inside the 

the library can be used. The next line states to make everything declared in the ieee.std_logic_1164 namespace 

declared in the current namespace. 

C) Structure VHDL Design Method: 
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The VHDL language was developed for the modeling of digital hardware. It can be depicts as a super-set of Ada, 

with a built-in message passing mechanism called signals. The language was defined as a response to the difficulties 

of developing, validating and co-simulating increasingly complex digital devices developed within the 

VHSICprogram. The main focus was to be able to write executable specifications, and allow specifications (or 

models) from different providers (companies) to be simulated together. When the language was first put to use, it 

was used for high-level behavioral simulation only. ’Synthesis’ into VLSI devices was made by manually 

converting the models into schematics using gates and building blocks from a target library. However, manual 

conversion tended to be error-prone, and was likely to invalidate the effort of system simulation. To address this 

problem, VHDL synthesis tools that could convert VHDL code directly to a technology netlist started. Since the 

VHDL code can be directly synthesized, the development of the models was generated by digital hardware designers 

rather in place of software engineers. The hardware engineers were used to schematic entry as design method and 

their usage of VHDL resembled the dataflow design style of schematics. The functionality was coded using a mix of 

concurrent statements and short processes, each describing a limited piece of functionality such as a register, 

multiplexer, adder or state machine. Such a design style was acceptable since the complexity of the circuits was 

relatively low (< 50 K-gates) and the synthesis tools could not handle more complex VHDL structures. However, 

today the device complexity can reach several millions of gates, and the synthesis tools accept a much larger part of 

the VHDL standard. It should therefore be possible to use a more modern and efficient VHDL design method than 

the traditional ’dataflow’ version. 

Problems with the ‘dataflow’ design method: 

 The most commonly used design ’style’ for synthesizable of VHDL models is what can be called the ’dataflow’ 

style. A larger number of concurrent VHDL statements and small processes connected through signals are used to 

implement the desired functionality. Reading and understanding dataflow VHDL code is difficult since the 

concurrent statements and processes do not execute in the order they are written, but when any of their input signals 

change value. It is not uncommon that to extract the functionality of dataflow code, a block diagram has to be drawn 

to identify the dataflow and dependencies between the statements. The readability of dataflow VHDL code can 

compared to an ordinary schematic where the wires connecting the various blocks have been removed, and the block 

inputs and outputs are just labeled with signal names. 

A problem with the dataflow method is of the low level of its abstraction. The functionality is coded with simple 

constructs typically consisting of multiplexers, bit-wise operators and some conditional assignments (if-then-else). 

The overall the algorithm might be very difficult to debug and recognize it. Yet another other issue is simulation 

time: the assignment of a signal takes approximately 100 times longer than assigning a variable in a VHDL process. 

This is because the various signal attributes must be updated, and the driving event added to the event queue. With 

many concurrent statements and processes, a larger proportion of the simulator time will be spent managing signals 

and scheduling of processes and concurrent statements. 

The goals and means of the ’two-process’ design method:- 
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To overcome the limitations of the dataflow design style, a new ’two-process’ coding method is proposed. The 

method is applicable to any synchronous single-clock design, which represents the majority of all designs. The goal 

of the two-process method is to:  

• Provide uniform algorithm encoding 

 • Increase abstraction level 

 • Improve readability  

• Clearly identify sequential logic  

• Simplify debugging  

• Improve simulation speed and 

• Provide one model for both synthesis and simulation 

The above goals are reached with surprisingly simple means:- 

 • Using record types in all port and signal declarations  

• Only using two processes per entity and 

• Using high-level sequential statements to code the algorithm. 

 

D) Using two processes per entity: 

 The major difference between a program in VHDL and standard programming language such C, is that VHDL 

allows concurrent statements and processes that are scheduled for execution by events rather than in then order they 

are written. This reflects indeed the dataflow behavior of real hardware, but becomes difficult to understand and 

analyze when the number of concurrent statements passes some threshold. On the other hand, analyzing the behavior 

of programs written in sequential programming languages does not become a problem even if the program tends to 

grow, since there is only one thread of control and execution is done sequentially from top to bottom. In order to 

improve readability and provide a uniform way of encode the algorithm of a VHDL entity, the two-process method 

only uses two processes per entity: one process that contains all combinational (asynchronous) logic, and one 

process that contains all sequential logic (registers). Using this structure, the complete algorithm can be coded in 

sequential (non-concurrent) statements in the combinational process while the sequential process only contains 

registers, i.e. the state. 

E) Using record types:- 

The limited number of ports and signals makes the code reasonably readable. However, the port interface list can for 

complex IP blocks consist of several hundreds of signals. Using the standard dataflow method, the signals are not 

grouped into more complex data types but just listed sequentially. The most common data types are scalar types and 

one-dimensional arrays. Having a port list of several hundreds of signals makes it difficult not only to understand 

which signals functionally belong together, but also to add and remove signals. Each modification to the interface 

list has to be made at three spare locations: the entity declaration, the entity’s component declaration, and the 

component instantiation (adding a port map). By using record types to group associated signal, the port list becomes 

both shorter and more readable. The signals are grouped according to functionality and direction (in or out). The 

record types can be declared in a common global ’interface’ package which is imported in each module. 

Alternatively, the record types can be declared together with the entity’s component declaration in a ’component’ 
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package. This package is then imported into those modules where the component is used. A modification to the 

interface list using record types corresponds to adding or removing an element in one of the record types. This is 

done only in one single place, the package where the record type is declared. Any changes to this package will 

automatically propagate to the component declaration and the entity’s component instantiation, avoiding time-

consuming and error-prone manual editing. Similar problems arise when more registers are added. For each register, 

two signals have to be declared (register input and output), the register output signal has to be added to the 

sensitivity list of the combinational process, and an assignment statement added to the sequential process. By 

grouping all signals used for registers into one record type, this becomes unnecessary. The r-in and r signals become 

records, and adding register is done by simply adding a new element in the register record type definition. 

IEEE.numeric_std package: 

 The IEEE.numeric_std package defines many useful arithmetic operations, and is provided free of charge by IEEE. 

Most simulators and synthesis tools provide built-in, optimized versions of this package which further improves 

performances and synthesis results. In particular the +, - and compare operators are mapped on the best 

implementation style for a given target technology, and the usage of these operators will guarantee optimal design 

portability. 

Synthesizable Constructs: 

VHDL used mostly for two different goals: simulation of electronic designs and synthesis of such designs. Synthesis 

is a process where a VHDL is compiled and mapped into an implementation technology such as an FPGA or an 

ASIC. Many FPGA vendors have free (or inexpensive) tools to synthesize VHDL for use with their chips, where 

ASIC tools are often very expensive. 

Not all constructs in VHDL are suitable for synthesis. For example, most constructs that explicitly deal with timing 

such as wait for 10 ns; are not synthesizable despite being valid for simulation. While different synthesis tools have 

different capabilities, there exists a common synthesizable subset of VHDL that defines what language constructs 

and idioms map into common hardware for many synthesis tools. IEEE 1076.6 defines a subset of the language that 

is considered the official synthesis subset. It is generally considered a "best practice" to write very idiomatic code 

for synthesis as results can be incorrect or suboptimal for non-standard constructs. 

A simple AND gate in VHDL would look something like:- 

For Example:- 

--  (This is a VHDL comment) 

-- import std_logic from the IEEE library 

Library IEEE; 

Use IEEE.std_logic_1164.all; 

-- This is the entity 

Entity ANDGATE is  

Port (  
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I1: in std_logic; 

I2: in std_logic; 

O: out std_logic; 

End entity ANDGATE; 

-- This is the architecture 

Architecture RTL of ANDGATE is  

Begin 

O <= T1 and T2; 

End architecture RTL; 

In the examples that follow, you will see that VHDL code can be written in a very compact form. However, the 

experienced designers usually avoid these compact forms and use a more verbose coding style for the sake of 

readability and maintainability. Another advantage to the verbose coding style is the smaller amount of resources 

used when programming to a Programmable Logic Device such as a CPLD
.
 

Simulation-only constructs: 

A large subset of VHDL cannot be translated into hardware. This subset is known as the non-synthesizable or the 

simulation-only subset of VHDL and can only be used for prototyping, simulation and debugging. For example, the 

following code will generate a clock with a frequency of 50 MHzIt can, for example, be used to drive a clock input 

in a design during simulation. It is, however, a simulation-only construct and cannot be implemented in hardware. In 

actual hardware, the clock is generated externally; it can be scaled down internally by user logic or dedicated 

hardware. 

Process  

Begin  

CLK <= ‘ 1’; wait for 10 NS; 

CLK <=’0’; wait for 10 NS; 

End process; 

The simulation-only constructs can be used to build complex waveforms in very short time. Such waveform can be 

used, for example, as test vectors for a complex design or as a prototype of some synthesizer logic that will be 

implemented in the future. 

Process  

Begin  

Wait until START = ‘1’;      -- wait until START is high 
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For I in 1 to 10 loops         -- then wait for a few clock periods… 

Wait until rising_edge (CLK); 

End loop; 

For I in 1 to 10 loops        -- write numbers 1 to 10 to DATA, 1 every cycle 

DATA <= to_unsigned (I, 8); 

Wait until rising_edge (CLK); 

End loop;  

-- Wait until rising_edge (CLK); 

End loop; 

-- wait until the output changes 

Wait on RESULT; 

-- Now raise ACK for clock period 

ACK <= ‘1’; 

Wait until rising_edge (CLK); 

ACK <= ‘0’;  

-- And so on...  

End process; 

 

VHDL templates: 

MUX template: 

The multiplexer, or 'MUX' as it is usually called, is a simple construct very common in hardware design. The 

example below demonstrates a simple two to one MUX, with inputs A and B, selector S and output X. Note that 

there are many other ways to express the same MUX in VHDL. 

X <= A when S = ‘1’ else B;  

Latch template: 

A transparent latch is basically one bit of memory which is updated when an enable signal is raised. Again, there are 

many other ways this can be expressed in VHDL. 

For Example:- 

-- Latch template 1: 
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Q <= D when Enable = ‘1’ else Q; 

-- Latch template 2: 

Process (D, Enable) 

Begin  

If Enable = ‘1’ then  

Q <= D; 

End if; 

End process; 

 

Importance of VHDL: 

When used for systems design, is that it allows the behavior of the required system to be described (modeled) and 

verified (simulated) before synthesis tools translate the design into real hardware (gates and wires) using check 

syntax option available as a part of IDE. 

It also allows the description of a concurrent system. VHDL is a data flow language, unlike procedural computing 

languages such as BASIC, C, and assembly code, which all run sequentially, one instruction at a time. 

A VHDL project is multipurpose or flexible up to some extent. Being created once, a calculation block can be used 

in many other projects. However, many formational and functional block parameters can be tuned such as capacity 

parameters, memory size, element base, block composition and interconnection structure. 

A VHDL project is portable. Being created for one element base, a computing device project can be ported on 

another element base. 

 

Conclusion 

VHDL(IEEE Module)is now a popular and worldwide accepted technology for teaching and learning. It provides a 

platform for easy learning of Verilog HDL to the students of the university and VLSI designers in the industry. It is 

user friendly and well suited for the learners of different depth of knowledge of VHDL. Learner can easily extract 

information from very basic to the advanced level of VHDL. It is not only limited with teaching materials. The 

user’s comments on the material are very good. Thus the learner can get all kinds of information, resources from this 

module. As a part of future work, it can be made dynamic so the course material, publication, links, tools can be 

regularly updated. 
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