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AXI Reference Guide for Xilinx: The Complete Handbook

When you dive into FPGA development with Xilinx, one of the most powerful and widely adopted bus protocols

you'll encounter is the Advanced eXtensible Interface (AXI). Xilinx’s ecosystem—Vivado Design Suite, IP Integrator,
and the Xilinx Software Development Kit—offers a rich set of AXI-based IP blocks that simplify system integration

and boost performance. This article serves as a comprehensive AXI reference guide Xilinxfor engineers,
designers, and hobbyists who want to master AXI in the Xilinx world. We'll walk through the fundamentals, the
different AXI variants, how Xilinx implements them, and practical tips for building high performance, low latency
designs.

1.What Is AXI and Why Xilinx Uses It?

AXIl is part of the ARM AMBA (Advanced Microcontroller Bus Architecture) family and is the de facto standard for
high speed, high throughput, and low latency on-chip communication. Xilinx adopted AXI because it offers:

» Separate read/write channels for maximum concurrency.

e Support for burst transfers that reduce address overhead.

e Fine grained handshaking (ready/valid) that allows for flow control without busy waiting.
Scalable data widths (32, 64, 128, 256 bits) to match application requirements.
Compatibility with a broad ecosystem of IP cores and third party tools.

In Xilinx designs, AXI typically serves as the backbone connecting processing systems (PS), programmable logic
(PL), memory controllers, DMA engines, and peripheral IPs. Understanding AXI's nuances is therefore essential for
achieving optimal performance and reliability.

2. AXl Variants: The Family Tree

Xilinx supports several AXI variants, each tailored to a specific use case. The most common are:

AXI4 — Full featured memory mapped interface for high performance bus transactions.
AXI4-Lite — Simplified, single beat interface ideal for control registers.

AXIl4-Stream — High throughput streaming interface for data transfer without address phases.
AXl4-Cache — A cache friendly variant with optional cache coherence support.

5. AXI4-AXI — Generic interconnect that can connect any AXI4 master to any AXI4 slave.
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While the core handshaking signals are shared across variants, each variant introduces unique signals or
constraints. Xilinx’s IP catalog contains dedicated blocks for each type, and the Vivado IP Integrator automatically
handles the glue logic required to interconnect them.

2.1 AXl4: The Workhorse
AXI4 is the most feature rich variant. It supports:
e Full burst transfers (incrementing, wrapping, fixed).

e Multiple data widths (32 , 64 , 128 , 256 hit).
¢ Optional cacheability and protection attributes.



« Read/write address and data channels with independent handshakes.
e Support for out of order transactions.

Because AXI4 can handle large bursts, it's ideal for memory controllers, high bandwidth data paths, and DMA
engines.

2.2 AXl4-Lite: The Control Interface

AXl4-Lite is a stripped down version of AXI4. It supports only single beat read and write transactions, making it
perfect for configuration registers and status monitoring. Key features include:

e 32 bit address and data buses.
e No burst support.

e Fast, low latency transactions.
e Minimal logic overhead.

Most Xilinx IP cores expose an AXl4-Lite interface for register access, allowing software to configure hardware
modules without complex bus logic.

2.3 AXl4-Stream: The Data Highway

AXI4-Stream removes the address phase entirely, focusing on continuous data flow. It's used for:

¢ High speed video pipelines.
e Audio processing.

¢ Network packet streams.

e Sensor data acquisition.

AXI4-Stream’s handshake uses tvalid and tready, and optional sideband signals like tkeep, tlast, and tuser provide
packet framing, byte enable, and user data.

2.4 AXl4-Cache and AXI4-AXI

AXl4-Cache extends AXI4 with cache coherence features, useful in multi core systems. AXI4-AXI is a generic
interconnect that can connect any AXI4 master to any AXI4 slave, providing arbitration, routing, and optional
protocol conversion.

3. Core AXI Signals and Handshaking

Understanding the signal names and handshake patterns is critical. Below is a concise mapping of the most
common signals across AXI variants:

e Address Channel: AWADDR, AWLEN, AWSIZE, AWBURST, AWVALID, AWREADY (write); ARADDR,
ARLEN, ARSIZE, ARBURST, ARVALID, ARREADY (read).

e Data Channel: WDATA, WSTRB, WVALID, WREADY, BRESP, BVALID, BREADY (write); RDATA, RRESP,
RLAST, RVALID, RREADY (read).

» Stream Channel: TDATA, TKEEP, TVALID, TREADY, TLAST, TUSER.

¢ Clock and Reset: ACLK, ARESETN.

Each VALID signal is asserted by the transmitter, and each READY signal is asserted by the receiver. A transaction
occurs on a clock edge when both signals are high.

3.1 Burst Types and Lengths
AXI4 supports three burst types:



1. Incrementing (INCR) — Address increments after each transfer.
2. Wrapping (WRAP) — Address wraps around at the burst boundary.
3. Fixed (FIXED) — Address stays constant for the entire burst.

The burst length (AWLEN/ARLEN) can be 1 to 256 transfers, enabling large data blocks to be sent with minimal
overhead.

4. Xilinx Implementation of AXI

Xilinx provides a robust AXI infrastructure through Vivado Design Suite. The key components are:

¢ AXI Interconnect — Routes traffic between masters and slaves, handles arbitration, and supports multiple
protocols.

e AXI Crossbar — Provides high bandwidth, low latency routing for multiple masters to multiple slaves.

¢ AXI DMA - Offloads data movement between memory and peripherals, using both AX14 and AXI4-Stream.

* AXI Lite IP — Exposes control registers for software.

¢ AXI Stream Switch — Connects multiple AX14-Stream sources and sinks.

All these blocks can be instantiated via the Vivado IP Catalog. The IP Integrator automatically generates the
necessary glue logic and timing constraints, reducing manual effort and the risk of mis wired connections.

4.1 Instantiating an AXI Master in Vivado
When you add a master IP (e.g., an AXI DMA), the IP Integrator will expose:

e AXI4 master interface (M_AXI)
e AXIl4-Stream slave interface (S_AXIS)
¢ AXl4-Lite slave interface for configuration (S_AXI_LITE)

Connecting these to the system usually involves:

1. Adding an AXI Interconnect.

2. Routing the master's M_AXI to the interconnect’s master port.

3. Connecting the interconnect’s slave port to the target slave (e.g., DDR memory controller).
4. Connecting the AXl4-Lite interface to the system bus for software control.

Vivado’s auto routing feature handles the placement of clock buffers and ensures that the timing constraints satisfy
the required throughput.

4.2 Clock Domains and Reset Synchronization

AXI logic is typically clock domain sensitive. Xilinx recommends:

¢ Using the same clock for both master and slave whenever possible.
* Employing axi_aclk and axi_aresetn signals for synchronous reset.
e Using Xilinx’s axi_reset_sync IP for multi clock domain resets.

Proper reset synchronization prevents metastability and ensures clean initialization of AXI state machines.

5. Building a Simple AXI4 Lite Register Map

Let's walk through a quick example: creating a 32 bit register that can be written and read by software via AXI4-Lite.

5.1 Register Definition

Define a 32 bit register MY_REG with reset value 0. The register should be writeable and readable.
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