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Introduction

» What AXI signals do | need and what are their names?

» How do I design an AXI peripheral?

» How does the Create and Package IP Wizard in the Vivado Design
Suite create the custom IP?

» Implement custom IP quickly
— Wizard eases the creation process
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Objectives

After completing this module, you will be able to:
» List some of the AXI peripheral design approaches

> Describe AXI signal naming conventions

» Identify the transaction logic needed to implement various AXI
attachments

» Generate an IP template using the Create and Package IP Wizard
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Talking AXI

— = Talking AXI

= AXI Backend Signaling
Requirements

= Writing a Custom AXI Peripheral
from Scratch

= Starting with the Vivado IDE Create
and Package IP Wizard
= Summary
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AXI Design — Basic Requirements

» AXI transaction signaling requirements for custom attachments

— Must implement channels needed for attachment implementation
e Read address channel
e Read data channel

Write address channel

Write data channel

Write response channel

Not all channels may be needed for every design

— Requirements vary with attachment (gender)
e Master
e Slave
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Popular AXI Design Approaches

» AXl interface is simple

— Common IP interface protocol framework common across most design
approaches

» Xilinx supports six types of AXI4 IP
— AXI4 Master

— AXIl4 Slave

— AXIl4-Lite Master

— AXIl4-Lite Slave

— AXI4-Stream Master
— AXIl4-Stream Slave

» Automatic template generation from Create and Package IP Wizard
in the Vivado IDE
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AXI Design — User Requirements

» Design approach depends on transaction data phase types
— Single data phase (AXI4-Lite)
— Burst (AXI4)
— Desired AXI4 interconnect support

» Attachment interface requirements
— Compatible with Xilinx AXI interconnect
— Specify user IP data width
— Specify user address width
e No address for AXI Stream
— Follows S_AXI_x and M_AXI_x signal naming conventions
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AXI Interconnect

> Supported in IP integrator as an IP

component
— "axi_interconnect"

— Highly configurable
e Pass Through
Conversion Only
N-to-1 Interconnect
1-to-N Interconnect
N-to-M Interconnect — full crossbar
N-to-M Interconnect — shared bus structure

> Decoupled master and slave interfaces
» Point-to-point AXI connection provides
simplified interoperability
» Reference
— Xilinx AX| Reference Guide (UG761)

Designing a Custom AXI Peripheral - 10 © Copyright 2014 Xilinx

Interconnect

Slave O

Master 0

Slave 1

1-to-N Interconnect

Infceconnect

Read Dato Crossbor

N-to-M Interconnect — Full
Crossbar

Xilinx "
45933

& XILINX » ALL PROGRAMMABLE.



e
AXI Backend Signaling Requirements

= Talking AXI

———) = AX|Backend Signaling
Requirements

= Writing a Custom AXI Peripheral
from Scratch

= Starting with the Vivado IDE Create
and Package IP Wizard
= Summary
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AXI Signal Naming Conventions

> AXI transaction signaling naming requirements for custom
attachments
— Required by the Vivado IDE IP Packager for proper integration

— Master attachments
e M_AXI_

— Slave attachments
e S AXI_

— Names can later be reassign for uniqueness by using wrappers
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Required Attachment Generic/Parameters

» VHDL generics or Verilog parameters
— Used in block diagram editor to customize peripheral

— Required by Vivado IDE IP Packager for proper integration
e C x AXI_DATA WIDTH . integer = 32;
©  Width should match interconnect port; typically 32 bits for processor peripherals
e C x AXI_ADDR_WIDTH :integer:.=4
o For processor peripherals, varies on address space needed
©o Not needed for streaming AXI port

— Names typically remain constant to insure configuration ability in IP GUI

— User-defined parameters are encouraged!
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Required AXI Common Signals

» Common AXI transaction signal required for all custom
attachments
— Required by Vivado IDE IP Packager for proper integration

— Clock
e S AX|_ACLK or M_AXI_ACLK

— Reset
e S AXI_ARESETN or M_AX|_ ARESETN

— Names can later be reassigned for uniqueness by using wrappers
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AXIl4 Lite Required Attachment Signals

» AXI4 Lite signals required for Xilinx attachments

— Common to slave or master attachment (S_AXI, M_AXI)

e X_AXl _AxADDR - read or write address
X_AXI_xDATA — read or write data
X_AXI_xVALID — address or data is valid from initiator
X_AXI_XREADY — address or data acknowledged by target
X_AXI_xRESP - read or write transaction response
X_AXI_AxXPROT — read or write transaction address protection
X_AXlI_WSTRB — write channel strobe

— Master attachments require additional signals (see Notes section)
— All five AXI channels required

— User can tie off unused outputs and ignore unused inputs
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AXI4 Full Required Attachment Signals

» AXI4 Lite signals required for Xilinx attachments
— In addition to the AXI4 Lite requirements

— Common to slave or master attachment (S_AXI, M_AXI)
e X AXI xID —requester ID

X_AXI_AXLEN - burst length

X_AXIl_AXxSIZE — size of each transfer in the burst

X_AXI_AxBURST - burst type

X_AXI_AxLOCK — memory lock type

X_AXl_AxCACHE — memory type

X_AXI_AxQOS — quality of service identifier

X_AXl_AXREGION — memory region identifier

X_AXIl_xUSER - optional user-defined signals

X_AXI_xLAST - last data phase indicator
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AXIl4 Stream Required Attachment Signals

» AXI4 Stream signals required for Xilinx attachments

— Common to slave or master attachment (S_AXIS, M_AXIS)
e X _AXIS_TVALID — data is valid from initiator

X_AXIS_TDATA — data

X_AXIS_TSTRB - byte qualifier

X_AXIS_TLAST - boundary of last packet

X_AXIS _TREADY - data acknowledged by target

— Generic/parameters
e C_S AXIS TDATA_WIDTH — data width

— AXI Stream signal group is mutually exclusive of AXI Full or Lite

Xilinx "
45933

& XILINX » ALL PROGRAMMABLE.

Designing a Custom AXI Peripheral - 14 © Copyright 2014 Xilinx



R
Writing a Custom AXI Peripheral from Scratch

Talking AXI
AXI Backend Signaling
Requirements

Writing a Custom AXI Peripheral
from Scratch

Starting with the Vivado IDE Create
and Package IP Wizard

Summary

|
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Starting with a Blank Design

» Designer is responsible to get everything right
— AXI signal naming conventions
— Include needed AXI signals to attachment
— Proper response to all channel interface port signals

» Consider getting a good head start using the Create and Package
IP Wizard in the Vivado IDE
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AXI4 Slave Transaction Implementation

» AXIl4 slave transaction logic required for Xilinx attachments
— Ready/valid for all channels
— Latch target address based on burst type
— Burst data phase counter (not needed for AXI4 Lite)
— Transaction response
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AXI4 Master Transaction Implementation

» AXI4 master transaction logic required for Xilinx attachments
— Ready/valid for all channels

— Transaction initiation logic
— Logic to emit read and write channel address

— Read and write data channel logic
e Send or receive data
e Response logic
e Data burst counter
e Last data detection

— Error detection and handling logic
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AXI4 Stream Transaction Implementation

» AXIl4 stream transaction logic required for Xilinx attachments
— Similar logic for stream master or slave

— Ready/valid for all channels
— Packet state machine: start and last data logic
— Very much application dependent
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Using Xilinx Vivado IDE Create and Package IP
Logic as a Starting Point

» Create and Package IP Wizard in the Vivado IDE creates starting
point designs
— AXI signal naming conventions
— Includes needed AXI signals to attachment
— Transaction logic covered in last three slides
— Verilog or VHDL source code
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Reuse Custom IP

> Vivado IP packager
— Fully integrated into the
Vivado Design Suite
— Easy to use

— Enables multiple file types to
be packaged into a single
structure, including

Sources (VHDL, Verilog, C)
Constraints

Testbenches
Documentation

Source (C, RTL, IP, etc)
Simulation Models
Documentation
Example Designs

Test Bench

IP Packager Xilinxip \== = N
3rd Party IP ;E' £
| UserlP 2 ' —

Standardized IP-XAC TW

representation ( Vivado IP Integrator W

g2 |

IP Catalog

— Makes user IP available in the extensible IP catalog

> IPs in the Vivado IP catalog can be used to create IP integrator designs

> |IP integrator block design can also be packaged as customized IP
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Add New IP to IP Catalog

» Custom new IP can be added to IP » IP Repository Manager is a GUI
catalog in two ways — Add repository in which IP exists in zip
— Add to Catalog in the Review and — Select IP from the repository
Package tab will update catalog with — Add IP packaged to IP catalog

new IP automatically B progec et
— IP Settings in the IP Catalog window . (® |
opens repository manager to add new ¥ Fepeory Vienagr | Senroton | Pt
p p y g Genersl Add directories to the list of repositories, After hitting Apply you will be able to see
I P d d t I I P the IP within each repository, You may then add additional IP, If an IP is disabled
Or a. I I O n a. then a kool-tip will alert you to the reason,
Sirnulation 1P Repositaries
| E Project Summary X | & Patkage IP - 2yn_generic_desion ton x| £F IP Catalog x q c:ftraining/zyng_camplete_systemjuserIP (Project)
E Search: | Ol
= 1 Syrithesi
z Mame ARl4 Skatus License Lnhess
- [ Automotive & Industrial I)
PN [#- [ A1 Infrastructure
E[= BaselP Implementation
E‘E ﬂ AX1 Ethernet Buffer AxI4, AxI4-Stream Pre-production Included o ~
ﬁ i4F il Ethernet Clocking Pre-production Included [ add Repository. . ] @ Refrash Al ]
= £F Multiply Accumulator Pre-production Included )
“ Pre-production Includzd Bitskr earn - —_—
i |1E roduction E IP in Selected Repositary \
@ £§ zyng_genetic_design_top_v1_0 (G15_LS0:userizyng_genetic_design_top:1.0)
4 [H- [ Communication & Metworking P X
5| [ Debug & verification = —= —
H-[= Digital Signal Processing L add IP... h [ @ Refresh Repository. .. ]
H-[= Embedded Processing
t-[= FPGA Features and Design
H-[= Math Functions
H-[= Memories & Storage Elements
b= Standard Riis Ioberface [ el ] [ Cancel ] Apply
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Starting with the Vivado IDE Create and Package
IP Wizard

Talking AXI
AXI Backend Signaling
Requirements

Writing a Custom AXI Peripheral
from Scratch

Starting with the Vivado IDE
Create and Package IP Wizard

Summary

|
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Vivado IDE Create and Package IP Wizard

» Package any IP, including AXI to make it available in the Vivado IP
catalog

» Used to package AXI IP that was written from scratch

» Can generate skeleton AXI IP templates
— AXI4 Full
— AXI4 Lite
— AXI4 Stream

— Master and slave
— Recommended design starting point
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Launching the Wizard

-
g'EJ_-,, Create And Package MNew IP ﬁ

Create and Package IP

This wizard can be used ko accomplish bwo kasks:

.—I'—'*

Package a new IP for the Yivado IP Catalog

ip_placehclder -
PP This wizard will guide you through the process of creating a new vivado IP using source files and
File Edit Flow] Toaols indows  Layoub  Wiew ﬂEJp = information fram your current project or specified direckary,
3 e
ii}: Ij}t | % W Report { " 4 = Create a new AXI4 Peripheral
) ( % (Create and Package IP. ., This wizard will guide you through the process of creating a new 8314 peripheral which includes
Flows Navigator = p— HDL, driver, software test application, IPI BFM simulation and debug demonstration design.
=1 pg Run Tcl Scripk. ., 2
piiy =l | ]
[ | Property Editar Chrl+-1
| 4 Project Manay Associate ELF Files. .,

% Project Compile Simulation Libraries. ..

B Add sou silim Tel Stare... '

g: IP Cata Custornize Commands b

&5 Project Settings. .. Click Mext ko continue

4 [P Inkegrator -

" & Optians. ..

O Create broos oroengr

A
N . . L Xilinx ”
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Selecting Create AXI IP Design Template

-
.. Create And Package New I[P u
L
"f' Peripheral Details
,‘ Specify name, wersion and description for the new peripberal ‘
-

[/

»

|

" Marme; rwip_led_ckrl

- .

Version: 1.0
\l
A" Display Mame: | LED Conkroller
-
\, Description: | Example of simple controller that blinks LEDs
\
'\ IP Location: | C:/training/EmbSysDsgnflabs/buildCustomIPfAll_Boardsfip_repa E]
1“
-
' B’
gL Create And Package New IP \ ﬁ
n \o Back. ][ Mext = Finish
Choose Create Peripheral or Package IP LN
L
Please select one of the Following tasks, \* ‘ -
\0
\‘\
Package vour current project "\
Use the project as the source For creating a news IP Definition, .

Make: All sources to be packaged rust be located at or below the specified dirnah"ow.
i Package a specified directory i\

Choose a directory as the source For creating a new IP Definition. .
L

(Create a new AxX14 peripheral k-
{Create an AXI4 IP, driver, software test application, IPT AxI4 BFM simulation and debug&:lemunstration design;

I
#
R
< Back ][ Mext = ql Einish
L A
o . ) oo Xilinx !
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Customizing AXI IP Design Template

p
g Create And Package Mew [P

Add Interfaces

A0d Ax14 interfaces supported by your peripheral
-

"
. o
] Enable Interrupt Support #(
* N5 Inkerfaces
~All S00_aR]_LEDs
5| = S00_AT_LEDs
myip_vw1.0
4+ b

-"-._.h‘.

A Y

L 8

ETES

Intesface Type

Inkerface Mods Slanve

Diata Width {Et:]h I
4

Memory Size (Bvtes) 6 el

S00_A%1_LEDS s [Pl
__('» Shream

—H_eirle1.0) with 1 inberfaceis)

Murbet of Reqgisters 4

s} and beskapp more info
fation demorstration desion mars infa
brewiare Simulation demorstration degan mors nfa

+ [4.512]

paill e srvailable in the cabaog |
D flabs buldCustomlFfA_Boardsfio_repo
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i Add IF Lo th i

] Ermnﬂ.ﬂl‘_-—l-qh.
Crar D% .
~

- *
h!-._.—.i‘) () Venify periphersl TP using AX14 BFM Sirrulstion interface '\

Vexify peripheral IP using JTAG intarfaos

Click Finigh to contirue
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Wizard-Created AXI IP Design Environment

s B
Ji edit_myip_led_ctr_v1_0 - [ci/training/ehd/labs/buildcustomip/all_boards/ip_repofedit_myip_led_ctrl_v1_Oxpr] - Vivado 20141 [E=NEER=
Fie Edit Flow Tools Window Layout  View Help ‘ Q- Search commands |
LRI L LRI A O] eeah & AN Ready
Flow Mavigator < ‘ Project Manager - edit_myip_led_ctrl_vw1_0 x

B -
i =1 Sources — 0O ¢ = [E Project Summary X | Ow@" X
. O\ 2y Bl IP Packaging Skeps € 1P Identification more info
| 4 Project Manager |
. . [=-{7 Design Sources (2 - _
% BroisctSettns e myip_led_ctrl_v1_0 - arch_imp (myip_led_ckrl w1 _0.vhd) i) + IP Identi w Wendor: |x|\|nx.com |
1 IP-RACT (1 ;
g Add Sources e o V' [P Compatibilty Library: |user |
IP Catalog - - -
, 15 Simulation Sources (1) /TP File Groups Name: |my'|p_led_ctr\ |
o Package IP
Lo Yersion: |1.D |
+ IP Customization Parameters
4 [P Integrator
3‘3 Create Block Design +f IP Ports and Interfaces Display name: |"“5"“:'—“3‘1—(':”—\"1 o |
' Open Black Design 4 i | + O + IP Addressing and Memary S |LED Contraler |
Generate Block Design i i i ; wendor display name:
‘ g Libraries |Compl\e Order | TP GUI Customization play | |
. i " 4 Gources | ) Templates I Company url; | |
4 Smulstion | T ... Review and Package
ﬁ Simulation Settings ProEBrties — O = Cateqories: AXI_Peripheral E]
@ Run Simulatian . * + @ k Reoot directary: c:Jtrainingfehdflabs buildcustomipfall_boardsfip_repo/myip_led_ctrl_1.0
g il File name: c:/Jtraining/ehdlabs buildcustomip/all_boardsfip_repo/myip_led_ctr_1.0fcomponent xml
4 RTL Analysis
] E‘ Cpen Elaborated Design
4 Synthesis
ﬁ Synthesis Settings
& Run Synthesis
3 ‘ Open Synthesized Design 4 m =
4 Implementation Design Runs = z
ﬁ Implementation Settings Mame Part Constrainks Strategy Stakus Progress Stark Elapsed WS THS WH
[ Run Implementation (=)= synth_1 xc72020cg484-1 constrs_1 Vivado Synthesis Defaults (Yivado Synthesis 2014) Mobstarted [ 0%
3 ' Open Implemented Desian Lo impl_1 xc72020clg484-1 constrs_L Vivado Implementation Defaults (Yivado Implementation 2014) Mot started [ 0%
4 Program and Debug
ﬁ Bitskream Settings I‘
| Generate Bitstream
ey L1} 13
B [s] Hardt M.
@Y Open nardware Manager ol Console LD Messages | [ Log | 5 Repnrtk\g} Design Runs ]
L J
o ) ) Lo Xilinx ?
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Summary

= Talking AXI

= AXI Backend Signaling
Requirements

= Writing a Custom AXI Peripheral
from Scratch

= Starting with the Vivado IDE Create
and Package IP Wizard

——) = SUMMAary
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Apply Your Knowledge

1. List some of the AXI peripheral design approaches

2. Describe AXI signal naming conventions
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Summary

> AXI attachment approaches include: Lite, Full, and Streaming
(both master and slave)

> Proper AXI signal naming conventions must be followed

> Each attachment has minimal transaction logic design
requirements

> Create and Package IP Wizard facilitates design efforts
— Skeleton AXI templates in Verilog or VHDL

— Vivado IDE project design environment
— Xilinx-recommended design flow
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