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Objectives

> After completing this module, you will be able to:

— Describe the AXI4 transactions
— Summarize the AXI4 valid/ready acknowledgment model

— Discuss the AXI4 transactional modes of overlap and simultaneous operations
— Describe the operation of the AXI4 streaming protocol
— List the steps involved in creating and packaging IP
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» AXI4 Transactions
— AXI4 Lite Slave
— AXI4 Lite Master
— AXI4 Slave
— AXIl4 Master

> I[P Packager
» Custom IP
> Summary
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Basic AXI Transaction Channels

» Read address channel p— Read addross channel
» Read data channel contncd
» Write address channel i N s
» Write data channel Read | Read | Read | Read
data dala dada dala
> Write response channel - - -
— Non-posted write model Sl e
* There will always be a "write response” contro
Wite dala chanmned
Masbar Wrila W nibe Wribe Wnbe Slawa
il T dala daka dalka dala iderfacs
Wiile osponse channel
WWrilix
NS Donss
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All AXlI Channels Use A Basic “VALID/READY” Handshake

» SOURCE asserts and holds VALID when DATA is available
> DESTINATION asserts READY if able to accept DATA

» DATA transferred when VALID and READY =1

» SOURCE sends next DATA (if an actual data channel) or deasserts VALID
> DESTINATION deasserts READY if no longer able to accept DATA
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AXI Interface: Handshaking

_ ACLK | | 1 | | |
» AXl uses a valid/ready handshake INFORMATION ( |
acknowledge VALID q —
READY JF W

» Each channel has its own valid/ready _ ot
— Address (read/write) Inserting Wait States

— Data (read/write) ACLK | | I I
) INFORMAT IOM X\ 1
— Response (write only) ALID —
> Flexible signaling functionality READY ;] ‘rﬁ—
— Inserting wait states Always Ready
— Always ready
— Same cycle acknowledge R | xl x | -
VALID T W
READY F
f

Same Cycle Acknowledge
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演示者
演示文稿备注
It is up to the master to assert the valid signal and the slave to assert the ready signals for all channels except the read data channel where the slave asserts valid to indicate that it is returning data.
The agent that asserts ready determines the flexibility as seen in the three waveform options.


AXI Interconnect

Imterconnact

Slawva O

» axi_interconnect component

— Highly configurable Master 0
» 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

Slavea 1

» Xilinx provides three configurable IPIC
— AXI4 Lite Slave
— AXI4 Lite Master
— AX14 Slave Burst [ rechoma s

> Xilinx AXI Reference Guide(UG761)
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演示者
演示文稿备注
The AXI interconnect is added as any other component to the hardware in IP Integrator’s Block Diagram and then connected to the target processor and various IP bus cores provided by Xilinx.
The processor is always a master on the bus. 
The actual implementation of the AXI interconnect is with slice combinatorial logic to implement the ORed structure of the decoupled address, data, and controls signals.
The context of “decoupled” refers to the fact that all the signals are unidirectional as inputs and outputs; that is, data in and data out, as opposed to a 3-state structure. The concept of a master is the bus agent that starts the transaction and owns the address out and control out signals.
The Xilinx implementation of the AXI interface is documented in the Xilinx AXI Reference Guide (UG761).
http://www.xilinx.com/support/documentation/ip_documentation/axi_interconnect/v1_05_a/ds768_axi_interconnect.pdf


e
AXI4 Signals (AXl4, AXI4-Lite)

AXI4 AXI4-Lite AXI4 AXI4-Lite AXI4 AXl4-Lite AXI4 AXi4-Lite
ACLK ARD | RID
ARESETN ARADDR | ___RDATA
— RSB B\ —FrAsT
gm §|  RUSER -
5[ ARLOCK [o RVALID
£| ARCACHE | ARCACHE WREADY
o[ ARPROT ARPROT
|8 ARQOS
[ ARREGION
~ ARUSER )
ARVALID
ARREADY
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» AXI4 Transactions
— AXI4 Lite Slave
— AXI4 Lite Master
— AXI4 Slave
— AXIl4 Master

> |[P Packager
» Custom IP
> Summary
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AXI Lite IPIF — Block Diagram

AXl4-Lite IPIF
. . IPIC
> Basic services AXI_Clk .
CS Bus
— Slave attachment AXLAs! - ]
Address I\
— Address decoding Decocer Read CE Bus
— Timeout generation T e
— Byte strobe forwarding AXI User IP
] _ Interconnect N IP Status Reply Design
» Optional services
- AXl4-Lite Interface Slave RA/Wr Qualifiers
— Master user logic > Attachment <
— Soft reset core Write Data Bus
— User logic software registers, and < Read Data Bus
— Timeout logic inclusion )
i
Data Phase
Time Out
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演示者
演示文稿备注
The axi_lite_ipif is designed to provide a quick way to implement a lightweight interface between the AXI interconnect and a user IP core. This slave service allows for multiple user IPs to be interfaced to the AXI interconnect, providing address decoding over various address ranges as configured by the user. 
Optionally, if the axi_lite_ipif  and master are the only bus agents, the bus connection can be optimized for a point-to-point connection, reducing FPGA resources and improving latency. 
The base element of the design is the Slave Attachment block, which provides the basic functionality for slave operation. It implements the protocol and timing translation between the AXI interconnect and the IPIC. 

Rd/Wr qualifies



AXI Lite IPIC
Single Data Phase Write and Read Cycle

Bus2lP_Clk LI_ LI L L L o L L
Bus2IP_CS | | N | | & . —
Bus2IP_Addr | — 00000004 | Ypooooood | — 00000004 — Y0000 Yponoooos
Bus2IP Data X70000004 | XD00DO000 X70000008

Bus2IP BE X \0 \E 0 F
Bus2IP_ RNW B e e e [
Bus2IP_RdCE YAO0oo | Yooooo
Bus2IP_WrCE | | —_)&0000 Yooooo____ | | | | 00
IP2Bus_Data A7 000... X00000000
r2Bus WrASK . ~1 .. .. [
r2euvs AAACK | . [ 1
|IP2Bus_Error

Creating Custom IP 14- 11 © Copyright 2013 Xilin & XILINX » ALL PROGRAMMABLE.


演示者
演示文稿备注
A single phase write cycle followed by a read is shown above. 
The first cycle shows the user IP data acknowledging (IP2Bus_WrAck = ’1’) the write cycle in the same clock cycle as Bus2IP_CS is presented. This represents a 0 wait state cycle.
The second cycle, a read, is acknowledged by the user IP two clock cycles after the presentation of Bus2IP_CS and Bus2IP_RdCE. Two wait state clock cycles are inserted, allowing a master to read a slower peripheral.
In either case, s_axi_wready and s_axi_rvalid will be asserted in the next clock cycle after IP2Bus_Wr(Rd)Ack is asserted by the user IP. 


e B
Outline

» AXI4 Transactions
— AXI4 Lite Slave
— AXI4 Lite Master
— AXI4 Slave
— AXIl4 Master

> |[P Packager
» Custom IP
> Summary
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AXl4 Lite Master — Block Diagram

User IP
> AXI4 Lite mastering capability AX! Master Lite eer ¥
» Single data phase only

axi_aclk |——
— One to four bytes axi_aresetn —|———» 1
Rd/Wr Req & Qualifiers
) Only 32'b|t data Wldth Status Reply
< AXl4-Lite Master Read Address Channel
" | Read .
E:J: AXl4-Lite Master Read Data Channel (32 bits) & Read Data (32-bits)
< Write
= / ontroller
< AXl4-Lite Master Write Address Channel
I
z AXl4-Lite Master Write Data Channel (32 bits) Write Data (32-bits)
AXIl4-Lite Master Write Response Channel
v
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演示者
演示文稿备注
The AXI Lite master single initiates and performs a single data phase AXI transaction. It is designed to provide a quick way to implement a lightweight mastering interface between user logic and AXI interconnect. 
The above figure shows a block diagram of the axi_master_lite. The design is natively 32 bits and supports read and write transfers of 1 to 4 bytes. The transfer request protocol between the AXI interconnect and the user logic is provided by the Read and Write Controller block. 
The data phase uses just a data bus and a ready signal.
Use the axi_master_lite when your application requires an occasional single word or data phase transaction to take place.


AXI4 Lite Master
Single Data Phase Read Cycle

IP2Bus_MstRd RE-q ,' \ / \

IPZ2Bus_MstWr F-'.eq

Bus2IP_Mst_CmdAck [\ [\
Bus2P MstCmpt [ [\

Bus2IP_Mst_Error
Bus2IP_Msi_Rearbitrate
hs2IP_Msi_Cmd_Timeout

Bus2IP_MstRd_d[31:0] TN - e e
Bus2IP_MstRd_src_rdy_n . I

BusEIP_Mst\"u'r_dst_rdv_n
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演示者
演示文稿备注
Two single beat (data phase) read cycles are shown above. 
The first cycle shows the AXI slave address and data acknowledging the read cycle at the earliest allowed times by the AXI specification. 
The second read transfer indicates a more typical address acknowledge sequence and a delayed read data acknowledge by the AXI slave device.
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Outline

» AXI4 Transactions
— AXI4 Lite Slave
— AXI4 Lite Master
— AXIl4 Slave
— AXIl4 Master

> |[P Packager
» Custom IP
> Summary

Creating Custom IP 14- 15 © Copyright 2013 Xilinx C XILlNX > ALL PROGRAMMABLE.



e
AXI4 Slave

Duties, Options, and Configuration

» Slave IPIC duties and configurable options
— Address decode and acknowledge

— One or more address spaces
* Memory interface; that is, chip enable
» User registers

— Single or burst data phase acknowledgement
— Software reset/MIR register

— Read FIFOs

— Automatic timeout on user slave logic

— Your custom slave attachments

Creating Custom IP 14- 16 © Copyright 2013 Xilinx i: XI LINX > ALL PROGRAMMABLE.


演示者
演示文稿备注
You can option in a software reset service. This service allows the system microprocessor to perform a local reset of the user IP by writing a data key value to the user-assigned address space for the reset service. This reset service is in addition to the hardware reset provided by the AXI interface reset input. When activated by the write, a reset pulse is generated that is sent to the user IP and the various internal slave attachment elements. When optioned in, the reset service can also provide a slave attachment Module Information Register (MIR). The MIR is read only and provides information about the plbv46_slave. 
The axi_slave_burst provides read FIFO services. They can be independently optioned in or out of the slave implementation. These FIFOs are synchronous to the AXI clock and have user-parameterized depth. 


> > o
AXl4 Read Transaction

ackk [ [ [ L
ARID[3:-01 IR 0 -
ARADDRI21:0] I aocoio00
ARsIZE[2:0] TN 2 -

ARVALID | \
ARREADY / \
RDATA[31:0] R Dooooocoo R
RLAST / \
RVALID /
RREADY [

BRaM_CLk____ [ [\ [ L
BRAM_Addr_a[10:0] EE 1000 -
BRAM_RdData_a[31:0]| N ocoooccococo
BRAM_En_A | \
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AXl4 Read Transaction

Multiple reads, not burst transaction

Yo/ I S N S L Y A Y B Y
> Multiple read transactions are ARD[3:0EE 0 | 1

identified by different read IDs ARADDR(31:0] I 40001000 | A0002000 S
ARSIZER:0) I 2 | 2 [

— For a burst transaction only one

read ID would have been used ARVALID _| I"
_ ARREADY | \ [ i
» Separate RLAST for corresponding
read transactions RDATA[31:0]
» ARSIZE=2 indicates entire word is RLAST ! \ | \
being read RVALID [
RREADY { [
BRAM_CLK I I Y Y T Y

BRAM_Addr_A[10:0]

BRAM_RdData_A[31:0]

BRAM En A [\ [
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AXI4 Write Transaction

ALk [ [ [

AwID3:01 T 0 -
AWADDRI[31:0] I Acoocicoo e
Awsize2 0] D 2 |
AWWVALID / \
AWREADY / \
WDATA[31:0] I Dooooocco [
WSTRB[3:0] F |
WLAST \
WVALID [ \
WREADY / \

BREADY
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AXI4 Write Transaction

Multiple write, not burst

Aclk [ L L L LT
AawiD[30] T 0 [ 1 | 2 [

> Multiple write transactions are identified by AWADDR(31:0] JIl_A0001000 | _A0002000 _|_A0003000 )N
different write IDs (AWID) awsizezo B2 12 T 2
AWVALID __ |
— For a burst transaction only one AWREADY N Y I S R SR

write ID would have been used

WDATA[31:0] I8l _D0ooooooo [ D1000000 | D2000000 [y

» Separate OKAY status for corresponding wsTReO) L F T F [ F
. . WLAST __ | \
write transactions waLD 1
_ T - - - —
» WSTRB=0xF indicates entire word is being YREADY
written BID[30]
BRESP[1:0] OKAY | OKAY | OKAY |
BVALID [ L[ [ ]
BREADY

BRM ClK __ [ L [V LV VL
BRAM_Addr_A[10:0] B2 1000 | [ 2000 | [ 3000 |
BRAM_WrData_A[31:0] I ooooouo | [ 01000000 | [ 02000000 |

BRAM_WE_A[3:0]

BRAM_En_A __ | \ | | B
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AXI Slave Burst — Block Diagram

AXI Slave Burst
A IPIC
Interface —— Enable CS —= Interface
2 — Enable WrCE —=| Add N
— Enable RACE —=| De-:c:-:lrer Bus2IP_CS
< Writa Addross Channal > —— Adclcr_Sh_ —— ———Enable WrZE ——— =
PS_IDLE = L Bus2IP_ RdCE — =
< Write Data Channal > Addr
Addr_sel —l—-
i — De riyred_E L_EN — | Addr
<Wnt9 Hesponsa Ghannal> L Derived_Size —=| GSen
Cantrol [ Derived_Burst —s ——— BuszZIFP_Addr ——— =
< Read Address Channel > State Load ——=| —
e BUSZIP_RNW — =

BusZIP_Burst —e=
Bus3IP_RdReq —
Bus3IP_WrReq —
Bus3IFP_BE —=
Bus3lP_Data —=

User
< W Slave
1P

—} IP2Bus_WrDAck
|~
|-l
—— Last_Rd_Data —e]
——— Rd_Single —ae= Read [~ IP2Bus_AddrDAck —
- RdData_sm | Data — IP2BusRdDACk —
| _PSs_IDLE Path =1} IP2Bus_Error
< Read Data Channal ——— |P2Bus_Data ——
| Type_of _xfer —
Bus2IP_BurstLength —=
~ ~
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演示者
演示文稿备注
The axi_slave_burst is designed to provide a quick way to implement a multi-data phase interface between the AXI interconnect and a user IP core. This slave service allows for multiple user IPs to be interfaced to the AXI interconnect, providing address decoding over various address ranges as configured by the user. Optionally, if the axi_slave_burst and master are the only bus agents, the bus connection can be optimized for a point-to-point connection, reducing FPGA resources and improving latency. 
The base element of the design is the Slave Attachment block, which provides the basic functionality for slave operation. It implements the protocol and timing translation between the AXI interconnect and the IPIC. Optional FIFOs can be built into the IPIC for read buffering.
The axi_slave_burst has a superset of axi_lite_ipif backend signals with a few extra to indicate burst length in duration and number of operations.
The axi_slave_burst attachment can be configured for read, write, or both with logic being saved in both if not chosen.


AXI| Slave Burst
Burst Data Phase 3 Reads and 3 Writes

= IPIF Gignals

4 busZip_clk 1 80BN A T T T T i T e e e I e T i ey
A busZig resetn 1 |

A U2 _addr 00000000 joa00oooon 120001340 [Z0001FCD .0000opoo
& usZip_rata nooonooD oo ooon [oopTooon L0 W00, noa10 . o0nagoon
A DusZip_rmw 1 1 I I

4 busZip_be 1 1 12 2] 13 LM i

& bus2ip burst I | [

A DUsZIp_buratiength| 00 Jon Inz? oo

& bhusgip_wrren 0 . [

A DusZin_rdredg 0 1 [ [ [

& busZip_cs 0 1 Iz [z T i3 0

& bus2ip rdee I | 2 B §E 0

o U2 e 0 o Iz .0

& pPbus_tata nooonooD oo ooon plnoonon _Lioonona g {noononog

A& ipZbus_wrack 0 1 [ [l [

A ipZbus_rd=ck. 0 1 [ [ [

& ipZbus_ addrack | [ | M M M N1 [

W p2hus_enor I |
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演示者
演示文稿备注
The AXI burst Slave Attachment block supports fixed bursts of bytes, half-words, words, double-words, and quad words with transfer lengths of:
1 to 256 data beats with INC type transfers
1 to 16 data beats with FIXED type transfers
2, 4, 8, 16 data beats with WRAP type transfers
The figure above shows a burst request from a 32-bit master to the 32-bit slave.
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Outline

» AXI4 Transactions
— AXI4 Lite Slave
— AXI4 Lite Master
— AXI4 Slave
— AXI4 Master

> |[P Packager
» Custom IP
> Summary
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AXl4 Master Burst — Block Diagram

= User IP
AX] Master Burst Design
» Parameterizable data width m_eol_aci | s
m_axi_amsetn ™
a 32’ 64’ 128 IPIC Command l’: RdMir Rog & Qualifiors
and Status | |
» Data burst Adapter m——
— 16, 32, 64, 128, 256 data beats
®
a <mumn-dm-:ch.nl
- AXI Master
%X [ AW=mwr Faad beta Channal (2. 64, e e D
nr12'.lhi1:] Adagter
AX04 Mastor Writn Addross Channal Read and
Write
- Controller Lntﬂlfam
e “-"'"i"‘::':;:h‘]*"“"m- 8, Slave Wirito Data (32, 64, 128-bits)
| spter

AN Mastor Writn Responss Channal

W
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AXI4 Master Burst Read

» 80 bytes of burst read
— ip2bus_mst_length signal
» Transaction delimited by
— bus2ip_mst_cmdack and
bus2ip_mst_cmplt signals
» Burst read broken into
two transactions
— 16 data beats (64 bytes)
— 4 data beats (16 bytes)
» AXI master receive data
— m_axi_rdata
» User logic receive data
— bus2ip_mstrd _d
» Data framing
— bus2ip_mstrd_sof n
— bus2ip_mstrd_eof n
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ipZbus_mstrd_req

ipZbus_mst_type il
ip2bus st addr31:0] T
ipZbus_mst_be[3:0] 11
ipZbus_mst_length11:0] [V
busZip_mst_cmdack Y

busZip st cmplt

m_ai_ameady hY

m_axi_anvalid
m_aed_araddr31:0]

mi_axi_aren[7 0]

m_s_srburst{1:0] TR il TN i i shown for

L readability

TEE

purpose

bus2ip_mstrd_d[31:0] 01 §2]

=]

busZip_mstrd_rem[3:0]

bus2ip_msird_sof n i

busZip_mstrd_eof n

busZip_mstrd_src_ndy_n i

busZip_mstrd_src_dsc_n

ip2bus_mstrd_dst_rdy_n (N ] Y A v O A A I

N B T T B N RN BN RN N RN N RN RN NN RN RN RN RN R BN BN RN BN R RN RN RN N REN R R EEN RN RN R |
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AXI4 Master Burst Write

ip2bus_mstwr req | | .
ipZbus_mst_type ] h

ip2bus_mst_acer(31-0] | NN Vot tooot oot

=

H ip2bus_mst_be[3:0]
» 80 bytes of burst write S2b0m et g1 i b
— ip2bus_mst_length signal bus2ip_mst_cmdsck |||;{||||||||||||||||||||||||||||||
> Transaction delimited by s L
. mm_axi_awready h
— bus2ip_mst_cmdack and p—
H H m_axi_awaddr{31:0]
bus2ip_mst_cmplt signals e
» Burst write broken into m_ax|_awsize 2.0 I - R e e e e e e
two transactions R = Only relevant
m_axi_wvalid | h .
— 16 data beats (64 bytes) L wreacy LU \ signals are
m_axi_wdata(31:0] IR | 0 OGR4 ENENTENE uln{ﬁm Ia(ﬁﬁm g ShOWﬂ for
— 4 data beats (16 bytes) m_aci_wstro{3:] | IR/, T ] lr—\ H_ readability
m_axi_wlast
» User logic writes data | urpose
m_axi_bready y h p p
— IP2Bus_MstWr_d . 2, bualid \ [
— m axi wdata IP'ZBus_hllﬁtWr_d[Stﬂ]ﬁ 0 i 7 )2 E.E.? R [ {3 () A TE)
- —. IP2Bus_MstWr REM[3:0] joop |
» Data framing IP2Bus_MstWr_ssfn | | |\
IPZBus_MstWr_eof_n i
— IP2Bus_MstWr_sof n IP2Bus_ MstWr_srerdyn | | ST L
IPZBus_Mstir_src_dsc n
— IP2Bus_MstWr_eof n Eus2lF Mty dst 1oy - : ————
Bus2IP_Mstir_dst_dsc_n
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» AXI4 Transactions
— AXI4 Lite Slave
— AXI4 Lite Master
— AXI4 Slave
— AXI4 Master

> |IP Packager
» Custom IP
> Summary
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Reusing Your IP

> IP from many sources can be packaged and made available in Vivado
> All IP available in the Vivado IP Catalog can be used to create IP Integrator designs
> Any IP Integrator diagram can be quickly packaged as a single complex IP

-

5

Standardized IP-XACTW _
representation Vivado IP Integrator

Source (C, RTL, IP, etc) IP Catalog

Simulation Models

Documentation P packager
Example Designs

Test Bench

Xilinx IP

3 Party IP.

l User IP. ,
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演示者
演示文稿备注
Vivado supports reuse of IP is by providing users a means to capture their individual IP or IP subsystems and package that IP, and then make the IP available to other users through the Vivado IP catalog.  This approach also benefits third party IP providers, who now have a standard way of providing their IP for both evaluation and purchase, and that IP will be visible through the IP Catalog.  
Packaging an IP Integrator diagram takes one Tcl command, or several mouse clicks.



IP Packager

File Edit Flow | Tools | Mé¥indow Layout  View Help

» The IP Packager allows a core to be ARwe oo ' KL @ B

Flow Mavigatar Package IP...

packaged and included in the IP e R

e

Catalog, or for distribution Custom Commands ¥ | g g | [ [E

4 Project Manag Project Settings...
o roject Settings Sources (1)

> IP'XACT 3 Project 5 B Options.., system_wrapper -

» Complete set of files include

— Source code, Constraints, Test Benches
(simulation files), documentation

nager - lab3

&L Package New IP

B3

Welcome to the IP Packager

Welcome ko the IP Packager. This wizard will start the process of creating a piece of IP using the
source files and information From your current project of specified direckary,

All infarmation imported 8 £
appear after completing &I‘ (Pariizya (W

Choose IP Source Location

bl !

Select how ko specify the sources to begin IP creation.

» |IP Packager can be run from Vivado on
the current project, or on a specified
directory

i@ Package your project
~ Use the project as the source for creating a new IP Definition,
Mote: All sources to be packaged must be located at or below the specified directary.

= Package a specified directary
~  Choose a directary as the source for creating & new IP Definition.

Package as a library core

1P Definition Location

C:;’xup,l’ambedded,l’LED| E]

VIVADO™

Click Mext to continue
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IP-XACT

> Industry Standard (IEEE) XML format to describe IP using meta-data
— Ports

— Interfaces IP_XA( : I "”
— Configurable Parameters ‘

— Files, documentation

> IP-XACT only describes high level information about IP, not low level
description, so does not replace HDL or Software.

> Enables automatic connection, configuration and integration

» Enables integration of 39 Party IP
— (And Export of your own IP)
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Customizing IP for Reuse in IP Packager

[EﬂDiagrarn x]ﬁﬁddressEditor x]%ll'l’ad_ﬁ_ger x_] O
IP File Groups
o IP Identification :
f TP Compatibilty @ Oerrors 0 warnings 0 info messages
When the file group list below is expanded, the individual files within each group will be displayed. You can select and use the right-dick menu to addjremave files
i Standard refresh
IP Customization Parameters ! Q Display Name Description | Language Model Name |
£y E’E VHDL Synthesis (2 files) vhdl top ﬂ
[P Ports ; £ VHDL Simuiation (1 fie) vhd top
eka| 7 Product Guide (Right-Click to Add) |
IP Interfaces E‘E Examples {Right-Click to Add) ]
o 1P GUI Customization Layout Advanced refresh
IP Licensing and Security X = i i | L | e bt |
= £23 U1 Layout (1 file) -
Review and Package | £ TestBench (Right-Ciick to Add)
i E'E Examples Simulation {Right-Clidk to Add)
EIE Upgrade Td Functions (Right-Click to Add) ﬂ
E=4 utility XIT/TTCL (Right-Click to Add) =]

Select Add, Edit or
Options change defaults
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演示者
演示文稿备注
The packager handles all the IP-XACT specific file creation, manages IP versions, recognizes interfaces, and creates customized configuration dialogs, as well as more advanced functionality.
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Using and Reusing Packaged IP

> The Vivado IP Catalog can be extended by adding additional IP Repositories. Third
party IP, your custom IP, and Xilinx provided IP are displayed in an identical manner

|iF 1P Catalog X | A, Update IP Catalog
Search: Iﬂ_- @ Update your IF Catalog with new user IP. Optionally specify the location of IP
repositories.
Mame ! 1| Version 52 I
[#-[= Automotive & Industrial wilinx IP Repository Search Path: C:Milinx_2012.3/14.3/15E_DS/ISE

([ AXI Infrastructure
[ BaselP :
I.__" Basic Elements C:/My_IP_Repository
--|}'—-' Communication & MNetworking
[#[=> Debug & Verification

--|}'—-' Digital Signal Processing
[#[=> Embedded Processing

[+l FPGA Features and Design il P |
[#-[=> Math Functions
--|}-'—.' Memories & Storage Elements [~ Reload All Repositories
[#[=> Standard Bus Interfaces

- Video & Image Processing ITI Cancel

Customize IP...

~Optional IP Repository Search Paths

|C:,|"I'v'ly_IP_RE|:|nsitory |

EJENE

| 't | @ 8 U [PIEE 6 641P)

License Status

Compatible Families

e @ B W

Add IP...

|@ Update IP Catalog... )

Export to Spreadsheet. ..
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Capture Your IP Using the Vivado IP Packager

> Wizard-based flow
— Automates generation of IP-XACT IP
— Many pieces of meta-data automatically inferred

2 Package New IP X]

— Users can add additional meta-data
Begin IP Creation

The following pieces of information will be qathered:
o Identification information based on top module name
o Family compatibility based on partin the project
o File(s) from Synthesis and Simulation file sets
& Ports from the file containing the top module
o Parameters from the file containing the top module

v | \/A DC) Click Finish to begin packaging

< Back Mext = Cancel

Creating Custom IP 14- 33 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.


演示者
演示文稿备注
Vivado IP Packager is a powerful wizard built into Vivado that guides the user through the necessary steps of packaging IP.  Xilinx uses an industry standard method of capturing IP sources, metadata, constraints, and documentation – that method is commonly called IP –XACT.  Users can package HDL source or netlists, and once packaged, add them to repositories that can be visible to other designers. 
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IP Packager

I )

g TP Packager Summary @

:' The Following information was found and added ta wour IP:

> Automatically analyze project/files to IP Identification
determine parameters g
- dded compatibility For Family: 2yn
> Initial Summary o v o SIS A
. Found 2 files For swnthesis,
) Id e n t I fl eS Top Madule Found For synthesis: system_wrapper

. Found 1 file For simulation,
- FI Ies Top Madule Found For simulation: syskem_wrapper
e Source HDL, Testbenchs, Documentation,

IP Customization Parameters

Mo parameters found for IP cuskomization.

— Parameters IP Ports
. Found 24 ports an your IP,
° Conflg urable IP Interfaces
Mo bus inkerfaces Found Far waur TP,
— Ports IP GUI C izati
ustomization Layout
_ | nte rfaces Default IP GUI created.
. Mext Steps: wi'alk through each of the ikems on the left that do not have a check
—_ Com patab| I |ty mark or have an exclamation mark and verify the information
populated.
) C r eates G U | L ayo ut fo r I P I IF Definition Location:  ©:f=upembedded/LED companent. il
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IP Packager

> Modify configuration
— Properties
— Compatibility
— Files
— Custom parameters
— Ports
— Interfaces
— Address and Memory
— IP and security

Creating Custom IP 14- 35

W} 1P Compatibility
“f 1P File Groups
IP Customization Parameters
“f IP Parts
W} IP Interfaces
“f 1P Addressing and Memory
wf 1P GUI Custaomization Layaut
1P Licensing and Security

“f Review and Package

| ¥ Project Summary X | W8 axi_lite_slave.y | * Package IP - axi_lite_slave X O ¢
IP Identification
'+ 1P Identification |

@ Oerrors Owarnings 0 info messages
"= Fill in and modify the information fields below that will be used to identify your TP, Set the
cateqories in which wour IP will appear in the IP Catalog by modifving the Taxonomey,

Identification

Yendor ! xilirie. com

Library 1ser

Marne : axi_lite_slave
Yersion 1.0

Displaty Mame : axi_lite_slave_w1_0
Descripkion : axi_lite_slave_v1_0

Yendor Display Mame ;
Comparry Url

Cateqories

[Basic_Elements E]

Rook Directory

=l File Mame :

[ Show advanced information

i xupfembedded/labs/led_ip

i fxupfembedded|labs/led_ipfcomponent. sl
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IP repository

ﬁ, Project Settings

P |

> Creates .xml file for the IP
» Specify the directory in the repository
» Displays IP in the repository

=4

Repositary Manager rF‘ackager

General #dd directaries ko the lisk of repositaries, You may then add

additional IP to a selected repository, IF an IP is disabled then
a tool-tip will alert you ko the reason,

2

Sirnulation IP Repasitaries
i fxupfembedded)labs/led_ip (Project)
-'X
Synthesis +
> 4
Implernentation
3 Add Reposikary, .. ] [ i@ Refrash all... ]

1010
Qood) K iaeeaeas

IP in Selected Repository

EY

Bitstrear
- axi_lite_slave_w1_0 Cxline comiuseraxi_lite_slave:l,0) ®
P [ {8 add IP... ] [ & Refresh Repositary... ]
[ Ik ] [ Zancel apply
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QOutline

» AXl4 Transactions
— AXI4 Lite Slave
— AXI4 Lite Master
— AXI4 Slave
— AXI4 Master

> |[P Packager
> Custom IP
> Summary
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Create Custom IP (Starting in 2013.3)

éi Create &nd Package Mew IP @

Welcome to Create and
Package IP

This wizard addresses:

» Create and Package IP Wizard

IP Packaging:
Start the process of creating a piece of IP using
the sourre files and informatinn Erom wour o wrrent

> Generates HDL template for

project ¢ flf'd Create &nd Package Mew IP @
— Slave/Master AXI4 PY
] Creat i 1
. AX| the /FU” / Stream inT:Tl_?d:F Choose Create Peripheral or Package IP ﬁ,
example

= Package wour project

Ise the project as the source for creating a new IP Definition.

Mote: all sources ko be packaged must be located at or below the specified
Click e directary.

Package generated files - Package already generaked HOL For IF in the
projeck,

» Optionally Generates VIVADO >
— Software Driver
e Only for AXI Lite and Full slave interface
- TeSt SOftware Appllcatlon ) Eﬁ:uknas?aeaadsif;:cti;i?ydadsjrtelfél?sr;urce for creating a new IP Definition,
_ AX I 4 B F M Exam ple Etahc:f?;as a library core - Library cores are available For reference by

Moke; Library cores do not appear in the IP Catalog,

< Back

i@ Create new AXI4 peripheral
~ iCreates AxI4 IP, Driver, TestApp and the AxI4 BFM example design:

IP Definition Location

C:fxupfembeddedlabs/labz ™=

[ < Back ][ Mext = ] Finish
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Generated Template for AXI Lite

case [ axi_awaddr[ADDR_LSB+OPT_MEM_ADDR_BITS:ADDR_LSB] )
ZTh0O:
for { byte index = 0; byte index <= (C_3 AXI DATA WIDTH/S)-1; byte in
if { 8 AXTI W3TRE[byte index] == 1 ) begin
ff Respective hyte enahles are asserted as per write strohes

» HDL implementation of AXI Interface

A4 #8lave register [

. . slv_regﬂ[(byte_index*ﬂ} +: 9] <= 8 AXI WDATA[(byte index*3) +: &]
— 32 bit data width o
e - 27hi:
) User SpeCIerS reqUIred number Of for { byte index = 0; byte index <= (O & AXT DATA WIDTH/S)-1; byte in
reglsters (mlnlmum 4) if { 3 AXT WaTRE[byte index] == 1 ) bhegin
// Respective byte esnakles are asserted as per write strobkes
» Read/write to/from Registers [ Sieve register 4 _ ,
] slv_regq[(hyte_lndex*aj +: 8] <= 8 AT WDATA[(byte index*S) +: 5]
implemented end
2ThE:
» User |Og|c can be eas”y connected for ( byte index = [; byte index <= (C_3 AXT DATA WIDTH/Z)-1; byte in
if { 8 AXTI W3TRE[byte index] == 1 ) begin
» User IOgIC can be a hlerarchlcal dGSIgn /{ Respective hyte enahles are asserted as per write strokes

A4 #8lave register Z
slv_regﬂ[(byte_index*ﬂ} +: 9] <= 8 AXI WDATA[(byte index*3) +: &]

end
2"h3:
for { byte index = 0; byte index <= (O & AXT DATA WIDTH/S)-1; byte in
if { 3 AXT WaTRE[byte index] == 1 ) bhegin

// Respective byte esnakles are asserted as per write strobkes
ff 8lave register 3
slv_regj[(hyte_index*aj +: o] <= 8 A¥T WDATA[{byte index*Z) +: o]

end
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HDL AXI Lite

» Connect user logic to registers, or modify design

if (slv reg wren) Address ]
begin

case [ADDR_LEB+DPT_MEM_ADDR_EITE:ADDR_LEEI] )
ZThOox
for { byte index = [; byte index <= (C & AXI DATA WIDTHSS)-1; byte index = byte indextl )
if ( 8 AXT WATRE[byte index] == 1 )} begin

// Respective byte enables are asserted as per write strobes

register 0

Register ] {byte index*3) +: o] {={h}rte_index*81 +: 21

27hi: pata___|
for ( byte index = [; byte index <= (C_S_AKI_DATA_WIDTHIB]—l; byte index = byte index+l )
if {( 8 AXT W3TRE[byte index] == 1 )} begin

/4 Respective byte enahles are asserted as per write strobes

£4 8lave register 1
slv _regl[(byte index*:Z) +: 2] <= 3 AXT WDATA[(byte index*:Z) +: o];
end
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Generated Template for AXI Full

case (3 AXT AWBURST)
Z2'ho0: S fixed burst
/4 The write address for all the heats in the transaction are fixed
hegin
axl awaddr <= axi awaddr;

» HDL AXI Full Interface //for awsize = 4 hytes (010)

end

- 32 blt data Interface 2'h01l: f/incremental burst

. J4 The write address for all the heats in the transaction are increments by

> Burst transaction support begin
. axi_awaddr[C_S_AXI_ADDR_WIDTH - 1:ADDR L3E] <= axi_awaddr[C_S_AXI_ADDR_WZ
Implemented Flawaddr aligned to 4 byte boundary
. . axi_awaddr[ADDR_LSB—l:D] <= {ADDR_L3E{1"h0O}};
— Specify size of memory space //far awsize = 4 bytes (010)
end

— Up to 1024 Bytes 27hl0: f/Wrapping burst

4 The write address wraps when the addreszs reaches wrap boundary

» Example code implementing block LE (aw_wrap_en)
memory heg:l:il_awaddr <= (axi_awaddr - aw wrap size) ;
— User logic can connect or replace this con
section heg:il_awaddr[c_s_AXI_ADDR_WIDTH - 1:ADDR_LSB] <= axi_ awaddr[C_S AXTI ADDR
axi_ awaddr [ADDR_L3E-1:0] <= {ADDR LSB{l1'h0}};
end

default: //reserved {(incremental burst for example)
hegin
axi awaddr <= axi awaddr[C & AXT ADDR WIDTH - 1:ADDR L3E] + 1;
fffor awsize = 4 bytes (010)
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Files created

» component.xml

— IP XACT description
> bd

— Block Diagram tcl file
> drivers

— SDK and software files (c code)

— Simple register/memory read/write
functionality

— Simple SelfTest code

> hdl
— Verilog/VHDL source

> Xgui
— GUI tcl file

Creating Custom IP 14- 42

X3tatus LED TP Reg HelfTest(wvoid * haseaddr p)

xil printfc"******************************\.‘n"-\r"} ;

x¥xil printf{"* User Feripheral #elf Testin\r"):

xil printfc"******************************\.‘n"-\n\.‘r"} :

S+
* Write to user logic slave module registeri(s) and read back
*/f

xil printf{"User logic slave module test...nhr");

READ WERITE MUL FACTOR) ;

for (write loop index = 0 ; write loop index < 4; write loop index++)

LED_IP_mWriteReﬁ {baseaddr, write loop index*?, (write loop index+l

for (read loop index = [ ; read loop index < 4; read loop index++)
+1) ¥READ WRITE MUL FACTOR) {

haseaddr + read_lnnp_index*&};
return EI3T FATLURE;

}

if { LED TP mPReadPReg (baseaddr, read_lunp_index*&} 1= (read_luup_in

x¥1l printf ("Error reading register walue at address %x\n", (int)
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Using the IP

> Modify template, add user logic

» Package IP
— Specify configuration settings

> Specify IP directory in the Vivado repository
— Project settings

» Use in IP Catalog like any other IP
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» AXl4 Transactions
— AXI4 Lite Slave
— AXI4 Lite Master
— AXI4 Slave
— AXI4 Master

> |[P Packager
» Custom IP
> Summary
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Summary

» AXIl4 interface defines five channels
— All channels use basic VALID/READY handshake to complete a transfer

» AXI Interconnect extends AXl interface by allowing 1-to-N, N-to-1, N-to-M, and M-to-N
connections

» Custom IP can be imported using IP Packager
> Include in the IP Repository for reuse across projects

» Create and Import wizard supports AXI Lite, Full, and Stream compatible IP creation
— Handles interface side protocol
— Provides template to add HDL functionality
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