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basys 3 reference manual serves as an essential guide for users working with the Basys 3 FPGA
development board. This comprehensive manual provides detailed information about the hardware
specifications, key components, and usage instructions necessary for designing, programming, and
debugging digital systems. The Basys 3 board is widely recognized for its versatility in educational and
professional applications, making the reference manual a vital resource for maximizing its capabilities.
Understanding the manual enables users to efficiently navigate the board’s features such as switches, LEDs,
buttons, and connectors. Additionally, the manual covers critical aspects of the integrated Xilinx Artix-7
FPGA, facilitating effective development workflows. This article explores the Basys 3 reference manual in
detail, outlining its main sections and key topics to help users leverage the full potential of this powerful
development platform.
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Overview of Basys 3 FPGA Development Board

The Basys 3 FPGA development board is designed by Digilent and is centered around the Xilinx Artix-7
FPGA. It provides a robust platform for learning digital design concepts and prototyping complex logic
circuits. The Basys 3 reference manual begins with an overview of the board’s purpose, target audience,
and the various applications it supports. This section emphasizes the educational benefits and the ease of use
for both beginners and experienced developers. It also highlights the board’s compatibility with Vivado
Design Suite, Xilinx’s integrated development environment, which streamlines the process of coding,
simulation, and implementation.



Target Users and Applications

The Basys 3 board is targeted primarily at students, educators, and embedded system designers. It is suitable
for coursework in digital logic, embedded systems, and FPGA design. Furthermore, hobbyists and
professionals use the board for rapid prototyping and custom hardware development. The reference manual
outlines typical applications such as signal processing, communication protocol implementation, and
hardware accelerators.

Key Features Summary

This subsection provides a concise summary of the Basys 3's major features. The manual details the FPGA
model, available I/O ports, onboard memory, and communication interfaces. These features include 16 slide
switches, 16 LEDs, 5 push buttons, a USB-UART bridge, and onboard clock sources, all essential for versatile
design implementations.

Hardware Components and Features

The hardware section of the Basys 3 reference manual offers an in-depth description of the physical
components and their specifications. Understanding these components is critical for designing efficient
FPGA applications and ensuring proper interfacing with external devices.

Xilinx Artix-7 FPGA

The heart of the Basys 3 board is the Xilinx Artix-7 FPGA, specifically the XC7A35T model. This FPGA
provides a balance of low power consumption and high performance, featuring 33,280 logic cells, 1,800
Kbits of block RAM, and numerous configurable I/O pins. The manual elaborates on the FPGA’s
architecture, programmable logic blocks, and embedded DSP slices.

Onboard Peripherals

The Basys 3 board includes several onboard peripherals that facilitate user interaction and system
debugging. The manual details the following key components:



16 Slide switches for user input

16 Individual LEDs for output display

5 Push buttons including a reset button

USB-JTAG programming interface for FPGA configuration

USB-UART bridge for serial communication

PMOD connectors for expansion modules

Onboard clock sources including a 100 MHz oscillator

FPGA Configuration and Programming

Configuring and programming the FPGA on the Basys 3 board is a fundamental process covered
extensively in the reference manual. This section guides users through the necessary steps and tools to load
their digital designs onto the hardware.

Programming Interfaces and Tools

The Basys 3 reference manual explains the use of the USB-JTAG interface for programming the FPGA. It
details how to connect the board to a PC and use the Vivado Design Suite for synthesizing, implementing,
and generating bitstream files. The manual also covers alternative programming methods such as using a
Micro USB port and UART for communication.

Bitstream Generation and Upload

Generating a bitstream file involves compiling the HDL design and preparing it for FPGA configuration.
The manual provides step-by-step instructions on creating a project in Vivado, running simulations, and
performing implementation and bitstream generation. It further explains how to upload the bitstream file
to the Basys 3 board via the JTAG interface to program the FPGA.



Input and Output Interfaces

The Basys 3 reference manual dedicates a significant portion to explaining the board’s input and output
interfaces. These interfaces are crucial for interacting with external components and debugging internal
logic states.

Switches and Buttons

The board features 16 slide switches and 5 push buttons. The manual details their electrical characteristics,
pin assignments, and usage in design projects. It highlights best practices for debouncing button inputs and
integrating switch states into FPGA logic.

LEDs and Display Indicators

The 16 individual LEDs on the Basys 3 board serve as visual output indicators. The reference manual
describes their connection to FPGA pins and guidance on controlling them through HDL code. It also
includes recommendations for multiplexing LEDs to conserve I/O resources.

PMOD Connectors and Expansion

The Basys 3 board includes multiple PMOD connectors to interface with external modules such as sensors,
displays, and communication devices. The manual outlines pin configurations, voltage levels, and signal
types supported by these connectors to ensure compatibility with various expansion peripherals.

Power Supply and Electrical Specifications

Understanding the power requirements and electrical characteristics of the Basys 3 board is essential to
prevent damage and ensure reliable operation. The reference manual provides comprehensive details on
these aspects.

Power Sources and Voltage Levels



The Basys 3 board can be powered through USB or an external power supply. The manual specifies the
acceptable voltage ranges, current limits, and power sequencing to maintain stable operation. It also
highlights the onboard power regulators that convert input voltages to the levels required by the FPGA
and peripherals.

Electrical Characteristics and Pin Ratings

This section includes detailed electrical specifications, including I/O voltage standards, maximum current
ratings per pin, and thermal considerations. The manual advises on proper signal integrity practices and
electrostatic discharge precautions to safeguard the hardware.

Design Examples and Implementation Tips

The Basys 3 reference manual concludes with practical design examples and implementation strategies to
help users get started with FPGA development. These examples illustrate common use cases and provide
sample code snippets for reference.

Basic LED Blinking Project

An introductory example demonstrates how to create a simple LED blinking circuit using Verilog or
VHDL. The manual explains the design steps, simulation, and deployment on the Basys 3 board to verify
functionality.

Switch-Controlled LED Matrix

This example shows how to use slide switches to control a pattern displayed on the LEDs. It emphasizes
multiplexing techniques and timing considerations for display control.

Debugging and Optimization Tips

The manual offers guidelines for debugging hardware designs, including using onboard LEDs for status
indication, leveraging the UART interface for serial output, and utilizing Vivado’s integrated debugging
tools. Optimization tips focus on resource management, timing closure, and power efficiency.



Frequently Asked Questions

What is the Basys 3 Reference Manual used for?
The Basys 3 Reference Manual is a comprehensive guide that provides detailed information about the
Basys 3 FPGA development board, including its hardware components, features, and how to use them
effectively for digital design projects.

Where can I find the Basys 3 Reference Manual?
The Basys 3 Reference Manual can be found on the Digilent website, specifically on the Basys 3 product
page under the 'Documentation' section.

What hardware components are detailed in the Basys 3 Reference
Manual?
The manual details hardware components such as the Artix-7 FPGA, switches, LEDs, seven-segment
displays, USB interface, DIP switches, push buttons, and onboard clock sources present on the Basys 3 board.

Does the Basys 3 Reference Manual include example projects?
Yes, the Basys 3 Reference Manual often includes example projects and tutorial links that help users get
started with programming and using the board effectively.

How does the Basys 3 Reference Manual help in FPGA programming?
It provides pin assignments, timing diagrams, and hardware descriptions that are essential for writing
correct HDL code and interfacing with the Basys 3 board's peripherals during FPGA programming.

Is the Basys 3 Reference Manual suitable for beginners?
Yes, the manual is designed to be accessible to both beginners and experienced users, offering detailed
explanations and illustrations to help new users understand the board’s features and how to use them.

What FPGA is used in the Basys 3 board according to the Reference
Manual?
The Basys 3 board uses the Xilinx Artix-7 FPGA, specifically the XC7A35T model, as detailed in the Basys
3 Reference Manual.



Additional Resources
1. Basys 3 FPGA Board User Guide
This guide provides a comprehensive overview of the Basys 3 FPGA development board, including
hardware specifications, input/output components, and setup instructions. It is ideal for beginners who want
to understand the physical layout and capabilities of the board. The book also covers basic programming
techniques and interfacing with peripherals.

2. Getting Started with FPGA Design Using Vivado
Focused on using Xilinx Vivado software with the Basys 3 board, this book walks readers through the
FPGA design process from creating a project to implementation and debugging. It includes examples that
are tailored for Basys 3, helping users to efficiently design and test digital circuits. The text is suitable for
students and hobbyists new to FPGA development.

3. Digital Design and FPGA Fundamentals
This book explores fundamental digital logic concepts and their application on FPGA platforms like the
Basys 3. It covers combinational and sequential logic design, hardware description languages (HDLs), and
simulation techniques. Readers gain a solid foundation necessary to develop complex FPGA projects.

4. Verilog HDL for FPGA and ASIC Design
An in-depth resource on Verilog HDL coding for FPGA development, this book includes practical examples
using the Basys 3 board. It explains syntax, design methodologies, and testbench creation to validate designs.
The book bridges theoretical knowledge and hands-on application in FPGA projects.

5. FPGA Prototyping by VHDL Examples: Xilinx Spartan-6 Edition
Although centered on Spartan-6, this book’s VHDL examples and design principles are applicable to Basys
3’s Artix-7 FPGA. It provides step-by-step tutorials on designing, simulating, and implementing digital
circuits. The hands-on approach makes it a valuable companion for Basys 3 users looking to expand their
VHDL skills.

6. Designing Digital Systems with SystemVerilog
This text introduces SystemVerilog as a hardware description and verification language, emphasizing its
use in FPGA designs like those on the Basys 3 board. It covers design constructs, assertions, and testbench
development. Readers learn advanced techniques to improve design robustness and efficiency.

7. Embedded Systems Design with FPGA: Principles and Practices
Focusing on integrating embedded processors with FPGA fabric, this book explores system-level design on
platforms such as the Basys 3. Topics include soft-core processor implementation, interfacing, and real-time
applications. It is ideal for those interested in combining hardware and software in embedded systems.

8. FPGA-Based System Design
This comprehensive book addresses the entire FPGA design flow, including architecture, synthesis, place
and route, and debugging, with examples relevant to the Basys 3 board. It emphasizes design optimization



and resource management. The book serves as a detailed reference for intermediate to advanced FPGA
developers.

9. Hands-On FPGA Development with Basys 3
Specifically tailored for Basys 3 users, this practical guide offers numerous projects ranging from simple
LED blinkers to more complex digital systems. Each project includes design files, simulation results, and
step-by-step instructions. It is perfect for learners seeking a project-based approach to mastering the Basys 3
FPGA board.
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