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Designing hardware using Field-Programmable Gate Arrays (FPGAS) is a powerful way to create custom logic
circuits. But to harness this power, you need a Hardware Description Language (HDL). Verilog, a widely adopted
HDL, provides a structured way to describe digital circuits, and understanding it is crucial for effective FPGA
design. This article offers a concise introduction to Verilog, using practical examples to illustrate its core concepts.
We'll explore key aspects like module declaration, combinational logic, sequential logic, and testbenches,
making this a valuable resource for beginners in FPGA development.

Understanding the Fundamentals of Verilog for FPGA Design

Verilog's strength lies in its ability to model digital circuits at various levels of abstraction, from behavioral
descriptions to gate-level simulations. This flexibility makes it suitable for a wide range of FPGA designs, from
simple logic gates to complex processors. At its heart, Verilog uses modules to encapsulate functionality. These
modules are similar to functions or classes in software programming.
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### Module Declaration and Basic Syntax

A basic Verilog module looks like this:

" verilog

module my first module (input a, input b, output c);
assign ¢ = a & b; // AND gate

endmodule

ANAVRN

This simple example declares a module named “my first module™ with two inputs ("a” and "b") and one output
("c’). The “assign’ statement describes the functionality - a simple AND gate. The keywords “input’ and “output’
define the direction of data flow. This is a crucial step in Verilog HDL programming.

### Combinational Logic

Combinational logic circuits produce outputs that depend solely on the current inputs. No memory or previous
state is involved. Here's an example of a 2-to-1 multiplexer:

“““verilog

module mux_2tol (input sel, input a, input b, output out);
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assign out = sel ? b : a; // Conditional assignment

endmodule

This "mux_2tol” module uses a ternary operator (*? :") to implement the multiplexing logic. If “sel is high (1), the
output “out’ is "b"; otherwise, it's "a . This illustrates how concisely you can describe complex logic in Verilog.

### Sequential Logic: Registers and Flip-Flops

Sequential logic circuits, in contrast, maintain a state and their outputs depend not only on current inputs but also
on previous states. This is achieved using registers and flip-flops. A simple D-type flip-flop can be described as
follows:

" verilog

module d_flipflop (input clk, input d, output reg q);

always @(posedge clk)

q<=d;

endmodule
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The “always’ block describes the behavior triggered by a positive clock edge (" posedge clk’). The "reg” keyword
declares "q" as a register, capable of storing a value. This simple example forms the basis for more complex
sequential logic designs. This is an essential part of Verilog FPGA design.

Implementing and Testing Verilog Code with Testbenches

Writing a Verilog module is only half the battle. Testing its functionality is equally crucial. This is where
testbenches come into play. A testbench is a Verilog module designed to stimulate the module under test and
verify its outputs. Consider a testbench for the "d_flipflop™:

" “verilog

module d_flipflop_tb;

reg clk, d;

wire q;

d_flipflop dut (clk, d, q); // Instantiate the DUT (Device Under Test)
initial begin

clk = 0;
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#10d = 1;

#10d = 0;

#10 $finish;

end

always #5 clk = ~clk; // Clock generation

endmodule

This testbench instantiates the "d_flipflop™ module and applies various input sequences to verify its functionality.
The "$finish™ system task terminates the simulation. Verilog simulation is a key stage in FPGA development.

Advanced Verilog Concepts and FPGA Design Considerations

Beyond the basics, Verilog offers advanced features like parameterized modules, tasks, functions, and interfaces,
enabling efficient and reusable designs. These capabilities are especially important for large-scale FPGA projects.
Proper coding style and design practices are vital for manageable and robust designs. Effective Verilog coding
practices are essential for success in FPGA design.

### Parameterized Modules
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Parameterized modules allow you to create reusable modules with configurable parameters:

" “verilog

module adder #(parameter WIDTH=8) (input [WIDTH-1:0] a, input [WIDTH-1:0] b, output [WIDTH:0] sum);
assign sum = a + b;

endmodule

This "adder” module can be instantiated with different bit widths simply by changing the "WIDTH" parameter. This
improves code reusability and reduces redundancy.

### Design Optimization for FPGA

When designing for FPGAs, it's crucial to consider resource utilization. Verilog code can be optimized to minimize
the use of logic elements, registers, and routing resources on the FPGA. Tools like synthesis reports help in
analyzing resource usage and identifying areas for improvement.

Conclusion: Embracing the Power of Verilog for FPGA Design

Verilog, with its expressive syntax and powerful features, is the cornerstone of modern FPGA design. This concise
introduction, complemented by practical examples, provides a solid foundation for anyone starting their FPGA
design journey. By understanding module declarations, combinational and sequential logic, and effective
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testbench design, you can confidently tackle increasingly complex hardware projects. Mastering Verilog opens
doors to innovative applications and creative solutions in various fields, from embedded systems to high-
performance computing. Remember that consistent practice and exploration of advanced features will further
enhance your proficiency in Verilog and unlock the full potential of FPGA technology.

FAQ

Q1: What is the difference between "wire’ and ‘reg in Verilog?

Al: “wire" represents continuous signals, typically used for connecting modules or assigning outputs of
combinational logic. They don't store values. "reg" represents data storage elements like registers and flip-flops,
capable of storing values between clock cycles.

Q2: What are the advantages of using Verilog over other HDLs like VHDL?

A2: Verilog is known for its C-like syntax, making it easier to learn for programmers with software backgrounds. It
offers a wide range of modeling styles (behavioral, dataflow, RTL), and its widespread adoption ensures ample
support and readily available tools. VHDL, while equally powerful, has a more formal and less intuitive syntax.

Q3: How do | simulate Verilog code?

A3: You need a Verilog simulator, such as ModelSim, Icarus Verilog, or simulators integrated into FPGA
development environments like Vivado or Quartus Prime. These simulators execute your Verilog code, including
testbenches, to verify the functionality of your designs.

Q4: What are some common Verilog coding style guidelines?
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A4: Maintain consistent indentation, use meaningful names for modules and signals, add comments to explain
complex logic, and avoid overly nested “always™ blocks. These practices enhance code readability and
maintainability.

Q5: How do | synthesize Verilog code for an FPGA?

A5: You need an FPGA synthesis tool provided by the FPGA vendor (e.g., Xilinx Vivado, Intel Quartus Prime). These
tools translate your Verilog code into a configuration file that programs the FPGA's logic cells and interconnect
resources.

Q6: What are some common debugging techniques for Verilog code?

A6: Use simulators' debugging capabilities (breakpoints, signal monitoring, waveform visualization). Testbenches
with extensive stimulus and thorough checks are crucial for identifying errors. Systematic code review and
modular design help in isolating and fixing problems.

Q7: What resources are available for learning more about Verilog?

A7: Numerous online tutorials, books, and courses offer in-depth instruction on Verilog. FPGA vendor websites
often provide excellent documentation and examples. Online communities and forums offer support and guidance
from experienced users.

Q8: How can | improve the performance of my Verilog code for FPGA implementation?

A8: Employ pipelining techniques for optimizing critical paths, consider using block RAMs for large data storage,
minimize combinatorial logic depth, and utilize FPGA-specific optimization options provided by the synthesis tool.
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Careful analysis of synthesis reports guides these performance optimizations.

Verilog by Example: A Concise Introduction for FPGA Design

Field-Programmable Gate Arrays (FPGAs) offer remarkable flexibility for designing digital circuits. However,
utilizing this power necessitates grasping a Hardware Description Language (HDL). Verilog is a preeminent choice,
and this article serves as a brief yet detailed introduction to its fundamentals through practical examples, perfect
for beginners starting their FPGA design journey.

Understanding the Basics: Modules and Signals

Verilog's structure centers around *modules*, which are the fundamental building blocks of your design. Think of a
module as a autonomous block of logic with inputs and outputs. These inputs and outputs are represented by
*signals*, which can be wires (transmitting data) or registers (maintaining data).

Let's analyze a simple example: a half-adder. A half-adder adds two single bits, producing a sum and a carry.
Here's the Verilog code:

" “verilog
module half_adder (input a, input b, output sum, output carry);
assign sum = a =~ b; // XOR gate for sum

assign carry = a & b; // AND gate for carry
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endmodule

ANRNEN

This code defines a module named "half adder” with two inputs ("a” and "b’) and two outputs ('sum’ and
“carry’). The “assign” statement sets values to the outputs based on the logical operations XOR (*~ ") and AND
("&"). This simple example illustrates the essential concepts of modules, inputs, outputs, and signal assignments.

Data Types and Operators
Verilog supports various data types, including:

e “wire : Represents a physical wire, connecting different parts of the circuit. Values are driven by continuous
assignments (" assign’).

* ‘reg : Represents a register, allowed of storing a value. Values are updated using procedural assignments
(within “always’ blocks, discussed below).

* “integer : Represents a signed integer.

* ‘real : Represents a floating-point number.

Verilog also provides a extensive range of operators, including:

e Logical Operators: & (AND), | (OR), "~ (XOR), "~ (NOT).
e Arithmetic Operators: "+, -°, " *, /", "% (modulo).
e Relational Operators: == (equal), '!="(not equal), >, "<, '>=", <=".
e Conditional Operators: '? :" (ternary operator).

-
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Sequential Logic with "always™ Blocks

While the "assign™ statement handles combinational logic (output depends only on current inputs), sequential logic
(output depends on past inputs and internal state) requires the “always’ block. “always™ blocks are essential for
building registers, counters, and finite state machines (FSMs).

Let's enhance our half-adder into a full-adder, which accommodates a carry-in bit:
“““verilog

module full_adder (input a, input b, input cin, output sum, output cout);

wire s1, c1, c2;

half adder hal (a, b, s1, cl);

half_adder ha2 (s1, cin, sum, c2);

assign cout = cl | c2;

endmodule

ANRANEN

This example shows how modules can be instantiated and interconnected to build more complex circuits. The full-
adder uses two half-adders to perform the addition.
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Behavioral Modeling with "always’ Blocks and Case Statements

The “always’ block can contain case statements for developing FSMs. An FSM is a ordered circuit that changes its
state based on current inputs. Here's a simplified example of an FSM that increments from 0 to 3:

" “verilog

module counter (input clk, input rst, output reg [1:0] count);
always @(posedge clk) begin

if (rst)

count <= 2'b00;

else

case (count)

2'b00: count <= 2'b01;

2'b01: count <= 2'b10;

2'p10: count <= 2'b11;

2'bll: count <= 2'b00;
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endcase
end

endmodule

ANRNRN

This code shows a simple counter using an "always™ block triggered by a positive clock edge (" posedge clk’). The
“case’ statement defines the state transitions.

Synthesis and Implementation

Once you write your Verilog code, you need to translate it using an FPGA synthesis tool (like Xilinx Vivado or Intel
Quartus Prime). This tool translates your HDL code into a netlist, which is a description of the interconnected logic
gates that will be implemented on the FPGA. Then, the tool locates and routes the logic gates on the FPGA fabric.
Finally, you can upload the final configuration to your FPGA.

Conclusion

This article has provided a glimpse into Verilog programming for FPGA design, encompassing essential concepts
like modules, signals, data types, operators, and sequential logic using "always™ blocks. While gaining expertise in
Verilog needs effort, this foundational knowledge provides a strong starting point for creating more intricate and
robust FPGA designs. Remember to consult comprehensive Verilog documentation and utilize FPGA synthesis tool
guides for further development.
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Frequently Asked Questions (FAQs)
Q1: What is the difference between "wire’ and ‘reg’ in Verilog?

Al: wire represents a continuous assignment, like a physical wire, while "reg" represents a register that can
store a value. “reg’ is used in “always™ blocks for sequential logic.

Q2: What is an "always™ block, and why is it important?

A2: An "always block describes sequential logic, defining how the values of signals change over time based on
clock edges or other events. It's crucial for creating state machines and registers.

Q3: What is the role of a synthesis tool in FPGA design?

A3: A synthesis tool translates your Verilog code into a netlist - a hardware description that the FPGA can
understand and implement. It also handles placement and routing of the logic elements on the FPGA chip.

Q4: Where can | find more resources to learn Verilog?

A4: Many online resources are available, including tutorials, documentation from FPGA vendors (Xilinx, Intel), and
online courses. Searching for "Verilog tutorial" or "FPGA design with Verilog" will yield numerous helpful results.
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