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Data Paths

* ARM Cortex A9

e Softcore Microblaze

ARM processor
(hard processor)

Ty
AXI Interfaces

optional
MicroBlaze

processor
(soft processor, built from
logic slices)
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Data Paths

* |n Vivado Environment
* Most of IPs interface

* PL-PS connection

interfaces are AXI (The Advanced eXtensible Interface) developed by ARM
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Data Paths

* In order for an IP added in the Vivado Block Design environment to be
connected with a custom RTL project, a module must be designed to

communicate with the AXI interface.
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Data Paths

* Advantages of using AXI Interface

e Easy integration with other IPs in the Vivado environment
* Easy integration with other RTL project which contains AXI Interface
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Data Paths

* Vivado Environment AXI Interface Types

* AXl4 Memory Mapped (MM): AXI4 interface is used for memory mapped and high performance data
transfer needs. It allows 256 data transfers as bursts.

e AXI4 Lite: It is memory mapped and allows a single data transmission per transfer. It is preferred for
control interfaces that can operate at low speeds.

e AXI4 Streaming Does not contain address signals and has no burst size restrictions in data transfer. It
is generally preferred in applications that require high performance and in applications where there
will be continuous data flow (such as camera).
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Data Paths

 Memory Mapped (MM) and Lite interfaces can be used directy PS or Microblaze CPUs
* PS and Microblaze have AXI MM interfaces so they have logic to drive AXI signals

 When using MM, Lite or Streaming AXI Interfaces, its very important to understand all
signals that those interfaces have

* AXl interfaces have master and slave concepts. The master controls and initiates the data
flow, and the slave fulfills the requests sent by the master.
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Data Paths

e |nterfaces between PS and PL

Interface Name Interface Description Master Slave

M_AXI GPO PS PL
General Purpose (AXI_GP) »
M_AXI_GP1 PS PL
S AXI GPO
General Purpose (AXI_GP)
5 AXI GPI1
S_AXI_ACP Accelerator Coherency Port (ACP),
cache coherent transaction

S_AXI HPO High Performance Ports (AXI_HP) with

3 read/write FIFOs.
S_AXI_HPI

S AXI HP? (Note that AXI_HP interfaces are sometimes
_ _ referred to as AXI Fifo Interfaces, or AFIs).

S_AXI_HP3
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Data Paths

e AXI4 MM Interface

Master
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Data Paths

AXI4 ve AXI4-Lite arayuzlerinde 5 farkli kanal bulunmaktadir.

Bunlar :

* Yazma Veri Kanali

* Yazma Adres Kanali
* Yazma Tepki Kanali
e Okuma Veri Kanali

e Okuma Adres Kanali
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Data Paths

e AXI4 arayuzlerinde veri transfer boyutu 1-256 arasinda degisiklik gostermektedir. AXI-4 Lite’de
ise her aktarimda sadece tek bir yeri transferi gerceklestirilebilir.

Write address channel
Address
and
control

Write data channel

Master Write Write Write Slave
interface data data data interface
—_— —_— —_— — -

Write response channel
Write
response
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Data Paths

e AXI4 arayuzlerinde veri transfer boyutu 1-256 arasinda degisiklik gostermektedir. AXI-4 Lite’de
ise her aktarimda sadece tek bir yeri transferi gerceklestirilebilir.

Read address channel
Address
and
control

Master Slave
interface Read data channel interface
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Data Paths

AXI4 ve AXI4 Lite araylzlerinde kullanilan sinyallerin baslangic isimlendirmelerinden hangi
kanala ait oldugu anlasiimaktadir.

AR* isimlendirmeli sinyaller adres okuma kanalini,

R* isimlendirmeli sinyaller veri okuma kanalini,

AW* isimlendirmeli sinyaller adres yazma kanalini,

W* isimlendirmeli sinyaller veri yazma kanalini,

B* isimlendirmeli sinyaller yazma yanit kanalini

ifade etmektedirler.
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Data Paths

Sinyal Aciklama
ACLK Okuma ve vyazma kanallarinin

kullandigi ortak referns clock’u
ARESETN Active-low olarak calisir. Global reset
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Data Paths
Sinyal [Agklama _______________________________|AXi4lite |

AWID - ARID Adres ID’si, tek bir kanal tzerinden birden cok akis yapildiginda kullanilmaktadir. Ornegin iki Yok
master kanaldan, bir slave kanalina veri akisindan, hangi master kanalinin verisi oldugu bu
sinyal ile anlasilmaktadir.

AWADDR-ARADDR Veri aktarimindaki baslangi¢ adresi
m Burst gonderilecek veri miktari

AWSIZE-ARSIZE Her bir verinin byte cinsinden biyukligiu (Orn. 4 Byte) Encode edilmesi gerekmektedir.
(Dogrudan 4 yazilamaz, ilgili tablosuna bakilmalidir)

3 farkli burst tirt bulunmaktadir. Fixed, Inc, Wrap Yok
AWLOCK-ARLOCK Bir master, slave’in baska master’lar tarafindan erisilebilir olmasini iptal etmek istediginde Yok
kullanilan bir yaklasimdir. (Xilinx tarafindan gerceklenmemistir)
AWCACHE-ARCACHE Bellek turinl ifade eder. Xilinx IP’lerinde bu 6zelligi Normal Mod, Modifiable, and Bufferable Yok
(0011) olarak gerceklemistir.

AWPROT-ARPROT Protection tird, Xilinx normal mod olan 000’l kullanmaktadir. Yazma ve okumalardaki izinleri Mar
ayarlanmaktadir.

A\ [0\ B E (0] B Fiziksel bir AXI portuna baglanan sinyallerin, cipin icerisinde birden c¢ok lojik AXI portuna Yok
baglanmasina imkan sunar.

Transferin QoS bitlerini tutar (Bandwidth, latench gibi...). Xilinx tarafindan kullanilmamaktadir. Yok

AWUSER-ARUSER Kullaninin tanimladigi veridir, Xilinx tarafindan kullanilmamaktadir. Yok
AWVALID-ARVALID Yazilan veya okunan adresin gecerli oldugunu ifade etmektedir Var

AWREAD-ARREADY Bu sinyal slave’in adres kabul etmeye hazir oldugunu gosterir Var
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Data Paths

Sinyal

WDATA-RDATA

WLAST-RLAST

WUSER-RUSER

WVALID-RVALID

WREADY-RREADY

WSTRB

RRESP

RID

(A iklama

Yazma ve Okuma verisi

Aktarimin son verisinin oldugunu ifade eder

Kullanicinin tanimli verisi, Xilinx tarafindan kullanilmamaktadir.

Yazilan veya okunan verinin gecerli oldugunu ifade der

Veri vyazilacaginda slave’in hazir sinyali, veri okunacaginda
master’in hazir sinyalidir.

Verinin hangi byte’larinin gecgerli oldugunu belirtir

Su anki okunan verinin durumunu belirtir, OK, EXOK, SLVERR,
DECERR gibi donusleri olabilir

Veri ID’si, tek bir kanal Gzerinden birden c¢ok akis yapildiginda
kullanilmaktadir. Ornegin iki master kanaldan, bir slave
kanalina veri akisindan, hangi master kanalinin verisi oldugu
bu sinyal ile anlasiilmaktadir.
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Yok
Yok
Var
Var

Var
Var

Yok




Data Paths

Sinyal Aciklama AXI 4 Lite

BID Yazma tepki ID’si. tek bir kanal Uzerinden birden c¢ok akis Yok
yapildiginda kullanilmaktadir.

BRESP Su anki yazilan verinin durumunu belirtirr OK, EXOK, SLVERR, Var
DECERR gibi donusleri olabilir.

BUSER Kullanici sinyali, Xilinx tarafindan kullanilmamaktadir. Yok

BVALID Yazma tepkisinin gecerli oldugunu gosterir. Var

BREADY Yazma tepkisinin hazir oldugunu ifade eder. Var
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Data Paths

e LA LA ILALF AL L

ARESETH

ARADDR 7

AXI14 Okuma Waveformu
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Data Paths

AXI14 Yazma Waveformu
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Data Paths

S_AXI_ARESETN
S_AXI_ARADDR
S_AXI_ARVALID

S_AXI_ARREADY
S_AXI_RREADY

S_AXI_RDATA

S_AXI_RVALID

s o s

AXI4-Lite Okuma Waveformu

Dr. V. E. Levent System on Chip (SOC) Design



Data Paths

S_AXI_ACLK

S _AX] ARESETM
S_AXI_AWADOR
S_AXI_AWVALID

S_AXI_AWREADY
S_AXI_WDATA
S_AXD_WAALID

A_AXI_WSTRS

S_AXI_WREADY

$_AXI_BRESP

S_AX]_BVALID

S_AXI_BREADY

AXI4-Lite Yazma Waveformu
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Data Paths

AXI| Streaming

* AXI4 Stream arayizu, genellikle yuksek performansta veri hareketi olacaginda tercih
edilmektedir. Sinirsiz burst boyutuna sahiptir. AXl4 ve AXI4-Lite’a gore oldukca az

sayida sinyali bulunur.

Sinyal

TVALID

TREADY

TDATA

TSTRB

TKEEP

TLAST

TID

TDEST

TUSER

Aciklama

Cikan verinin gecerli oldugunu ifade etmektedir.

Slave’in veri kabul edebilecegini ifade etmektedir.

Alinan veya uretilen veriyi temsil etmektedir.

Verinin hangi byte’larinin gecerli oldugunu ifade etmektedir.

Xilinx tarafindan kullanilmamaktadir. Tum bitleri 1 dir. Bir verinin null byte

olup olmadigini tanimlamaktadir.
Paketin sonu oldugunu ifade etmektedir.
Birden cok stream oldugunda, stream’larin ID’lerini ifade etmektedir.
Xilinx IP’lerinde O degerini tasir. Verinin ulasacagi hedef bilgisini icerir.
Kullanici tanimli veridir.
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Data Paths

clk
Master — tvalid

Master — tlast

Slave — tready

Master — tdata

tvalid

tready

AXI Stream Waveformu

MASTER SLAVE
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Data Paths

first packet second packet

AXI Stream Waveformu
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Data Paths

|
ACLK : 0

|
DATA |
|

I
VALID |

|
READY |

AXI Stream Waveformu
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Data Paths

* |Interconnect

AW

Interconnect

Weite Artiter! Oecodet

Master AR
#1 W

R

AW

Master AR
#2 w

-
=

Reas Dita Mux

R

Read Arbitert Docoser
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DDR<:
FIXED_I0<k

USBIND_0
M_AXI_GPO_ACLK ZYNQ‘ Dk
FCLK_CLKO
FCLK_RESETO_N

LYNQ/ Processing System
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)
: 25500_AXT
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ACLK
ARESETN
S00_ACLK
S00_ARESETN
MOO_ACLK
MOO_ARESETN

MOO_AXI<: :

AX! Interconnect




Data Paths

 Address Editor

Diagram  x Address Editor
Q = | & =

Slave Interface  Slave Segment Offset Address High Address
* zynq_ultra_ps_e_0

v B8 Data (40 address bits : 0x00A0000000 [ 256M ] ,0x040000!

Ox 1000000000

= axi_bram_ctrl_1 S_AXI MemO 0x00_A000 0000 *  0x00_A003 FFFF

axi_cdma_0 S_AXI_LITE Reg 0x04 0000 _0000 ~  0x04 0000 FFFF
axi_cdma_0
- B Data (32 address bits : 4G)
= axi_bram_ctrl_ 0 S_AXI MemO 0xA000 0000 ~  O0xA003 FFFF
zynq_ultra_ps_e_0 S_AXI_HPCO_FPD HPCO_DDR_LOW  0x0000 0000 * Ox7FFF_FFFF
Unmapped Slaves (1)
» zynq_ultra_ps_e_0 S_AXI_HPCO_FPD HPCO_QSPI
Excluded Address Segments (2
» zynqg_ultra_ps_e_ 0 S_AXI_HPCO_FPD HPCO_DDR_HIGH
== zynq_ultra_ps_e_0 S_AXI_HPCO_FPD HPCO_LPS_OCM 0xFFO00_0000 OXFFFF_FFFF
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Data Paths

* Example: AXI GPIO IP

e AXI Lite Interface

Address Space Register Access Default Descrintion
Offset(3) Name Type Value P
0x0000 GPIO_DATA Channel 1 AXI GPIO Data Register.
Channel 1 AXI GPIO 3-state Control

0x0004 GPIO_TRI .
Register.

w00

0x0008 m Channel 2 AXI GPIO Data Register.
oonc om0 | ww | o0
m IP Interrupt Enable Register (IP IER).
R/TOWI(2) IP Interrupt Status Register.

/ Channel 2 AXI GPIO 3-state Control.
/ Global Interrupt Enable Register.

0;
0;

0
0

Dr. V. E. Levent System on Chip (SOC) Design




