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Une pile IP pour la carte ATLYS

1) Problématique

Beaucoup de systémes embarqués communiquent entre eux par I’intermédiaire de réseaux LAN Ethernet IP. 11
est intéressant de disposer logiciellement d’une pile IP implanté sur le SOC ZYNQ de la carte ZYBO. Cette
carte dispose matériellement d’un controleur de communication ETHERNET de la société Realtek RTL8211E-
VL offrant un lien de communication a 10/100/1000 Mbits/s.

Dans cette premicre partie nous allons intégrer 1’architecture matérielle du SOC ZYNQ sous I’environnement
logiciel de xilinx VIVADO.

2) Implantation matérielle

Créez un nouveau projet dans le répertoire Iwip prenant en compte le fichier de contrainte de la carte ZYNQ
Crééz le nouveau board design suivant :

Importez le fichier de configuration du PS :
4k Re-customize IP
ZYNQ7 Processing System (5.5)

ﬁ'ﬂ Documentation % Presets |[ ) IP Location ﬁﬁ: Import XPS Settings

Page Mavigator “ | | Zyng Block Design
Zyng Block Design |

| Import KPS preset 5ettings|

V0 Penipherats
: General
PS-PL Configuration [ Setlings
. SWnRT
PN husim  [Cxdrmniree AdndAlINA B LFYDON thasin Masin thasin snel Afiemda 3014
File Edit Flow Tools Window ﬁ Re-customize [P
A B onohil X

IYNQ7 Processing System (5.5)
Flow Mavigator <

7y 5 pa -
A g ﬁﬂ Documentation ﬁ:’; Presets | IP Location ﬁ; Import XPS Settings
E: fcoursfvhdl2015/ZYBO wip/ZYBO _zyng_def.xml

4 Project Manager Page Mavigator “ | | fynq Block D
@ Project Settings Zynq Block Design I = 0K Cancel
B add Sources i BEEE D General
. A (< PS-PL Configuration [ | sein ‘ Seftings Application P
W' Language Templates _ AWNT 1 i

Cliquez sur ok
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La configuration minimale est la suivante pour le PS (aucune utilisation de la logique programmable)

ZYNQ7 Processing System (5.5)

[ Documentation £ Presets [ IP Location #§ Import ¥PS Settings

Page Navigator
Zynqg Block Design

<

PS-PL Configuration

Peripheral IO Pins
MIO Configuration
Clock Configuration
DDR Configuration
SMC Timing Calculation

Interrupts

PpsPLConfiguration |

4=

Search: |Qv

Mame Select

#- General
[+~ DMA Controller
=)+ GP Master AXI Interface

B M AXI GPO interface

OO

[+]-M AXI GP1interface
- GP Slave AXI Interface
- HP Slave AXI Interface
- ACP Slave AXI Interface
~PS-PL Cross Trigger interface

B 8]

Description

Enables General purpose AXI master interface 0

Enables General purpose AXI master interface 1

Enables PL cross trigger signals to P5 and vice-versa

Pour les périphériques internes on ne garde que la SDCARD, ETHERNET et ’'UART.

IYNQ7 Processing System (5.5)

ffff Documentation 45 Presets [ IP Location 3 Import XPS Settings

}

Page MNavigator # | | Peripheral IO Pins Summary Report
Zyng Block Design 4= | search: |Qv |
PS-PL Configuration % Bank 0 ‘ Bank 1
g Peripherals D i i B b B B T B 6o D M 1 2 18 i 15l il Bl e sl 2 s it
MIO Configuration @ = [] Quad SP1Flash Quad SELE == -
Clock Configuration [ [] SRAM/MOR Flas SHAMGERLE ash =i
DOR Configuration [ ["] MAND Flash = LIOHTLElach,
SMC Timing Calculation - ] Ethernet 0 ——— e —
Interrupts - [[] Ethernet 1
- [JUSB D
- [JUsB 1
& [FsD0 =
E-[]sD1 s s
- []sPIO S =
B []sPI1 s P
- [JUART O UeRn LRI LAEEG LLEER
[ [f] UART 1 1 UART1 1 UART1
& []12c0 . 260 rreEl} 2 12co ! L
ok || cancl
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ZYNQ7 Processing System (5.5) ‘
Iffd Documentation €% Presets [ IP Location #5} Import XPS Settings

Page Mavigator | | Clock Configuration Summary Report
Zynq Block Design ing | Advanced Clocking |

Input Frequency (MHz)| 50.000000 CPUClockRatio 6:21  + |

Search: | Q- |

PS-PL Configuration

Peripheral IO Pins

MIO Configuration Component Clock Source Requested Frequen...  Actual Frequency(M... Range(MHz)

wi | b B4

[~ Processor/Memory Clocks

DDR Configuration

10 PLL 100, 000000 100, 000000 0. 100000 : 250,000000

SMC Timing Calculation
DDR PLL 175.000000 175.000000 10,100000 : 250,000000

Interrupts ARM PLL 12.233000 12264151 0.100000 : 250.000000

I0PLL 100, 000000 100,000000 0,100000 : 250,000000

-- System Debug Clocks
-- Timers

Le symbole de la partie PS est modifié :

0w %
sl
Q] r processing_system?7_0
f g
i PTP_ETHERNET 04| DDR
ﬁ . FIXED_IO
FIXED_104k |}
o ZYNQ. -
- FCLK_RESETO_N
& ZYNQ7? Processing System
.K
1 v
o« =

PAGE 166 PETITPA




| TP SYSTEME NUMERIQUE EMBARQUE: TUTORIAL XILINX ZYBO VIVADO 09/08/2015
On génere les fichiers de configuration du PS en vue d’une exportation du fichier vers SDK
| Block Design - design_1 =
. Sources — O l JZ—H Diagram X lﬂ Address Editor x]
az=2e RE 5] s design_1
-{ Design Sources (1) Qr
iR oc
+-7 Constraints (1) | (@ Source Mode Properties... Ctrl+E i
= Simulation Sourcs & OpenFie Alt+0 b\‘ processing_system7_0
B sim_1 (1) i
Create HOL Wrapper... ; PTP_ETHERNET_0 < ||| DDR
View Instantiation Template E - DDR = FIXED_IO
| Generate Output Products. .. | () ZYNQ FIXED IO-
| i Spuro: Reset Output Products. .. 5 B SDID_04F |
M Out-of-Context Settings. .. : FCLK_RESETO_N
win
Source File Properties Package Block Desian... - ZYNQ7 Processin
o g System
IR ¥
i| i, design_L.bd - L
| [C— o Project Alt+] E 3
I roject Alt+
P i : B
:_ oisbs #  Remove File from Project. .. Supprimer w000
Td Console Enable File Alt+Egal
On crée un fichier VHDL de top level (pas nécessaire mais on sait jamais)
Block Design - design_1
Sources S EEHE TS J!—u Diagram X Iﬂ Address Editor X]
QT et hE 3(]| a desion_1
[=-I Design Sources (1) Q
=S¥ N cicsion_ 1 (design_1.hdi (1)
=1 Constraints (1) [ Source Node Properties... Ctrl+E
{5 Simulation Sources (1) Open File Alt+0 processing_system?7_0
G- sim_1(1)
| Create HDL Wrapper... | PTP_ETHERNET_O 4 [|| DDR
view Instantiation Template . DDR 4= FIXED_IO
Generate Output Products. .. z Y N FIXED IO
. - Reset Output Products. .. Q‘ soio 04|
i& ERNREES)| El Desig Out-of-Context Settings... AEL LR
Source File Properties Package Block Desian... ZYNQ7 Processin
i g System
| « =+ B3R
i 4 design_1.bd ®
=[ y All Files Into Project Alt]
P ]
i | | # Remove File from Project... Supprimer fb————————
Tdl Console Enable File Alt+Egal

On exporte le matériel vers 1’environnement de SDK

File

Edit Flow

Tools

Window Layout

& Mew Project...

View

LALLM dlN:

Help

| Exort

r||

Launich 50K

Export Hardware... |

Open Log File
SEVE FTOIECT AS. ..

Export Block Design. ..

[ Bitstream

Expor
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On lance SDK

File | Edit Flow Tools Window Layou

& Mew Project...
Launch SOk
Open Recent Project 3

Configuration logicielle de la pile

On doit créer une nouvelle application vide baptisé¢ lwip avec un BSP associé:

File | Edit Source Refactor Mawigate Search Project Xilink Teels Run Window Help
Mew Alt+Shift+M » |@ Application Project
Open File... Ed  SPM Project
Close Cirl+ W if, Board Support Package -
5 I -
Close All CtrieShiftewy | [0 Project-.
i
Save ChileS &% Source Folder
- [ Folder

Application Project

Create a managed make application project.

Project name: | Iwipi

Use default location
Location: | E\coursivhdl201 S0ZYB OV hwiphhwiphwip.sdkywip Browse...

Choose file systerm: | default  w

Target Hardware

Hardware Platform: | design_1_wrapper_hw_platform_0

Processor: | ps/_cortexad_0

Target Software
Language: ®C (IC++

05 Platform: |s|.andalone

Board Support Package: (®) Create Mew | Iwip_bsp

[_) Use existing
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Templates

Create one of the available templates to generate a fully-functioning
application project.

Available Templates:
Peripheral Tests A blank C project.

Dhgstone

Hello World

[wIP Echo Server

Memory Tests

RS54 Authentication App

SREC Bootloader

Xilkernel POSIX Threads Deme
Zyng DRAM tests

Zyng FSBL

On doit importer la pile du type RAW et tous ces fichiers sources associés.

PAGE 169

PETITPA




| TP SYSTEME NUMERIQUE EMBARQUE: TUTORIAL XILINX ZYBO VIVADO

09/08/2015

Cliquez droit sur le répertoire SRC puis import

File Edit Source Refactor MNavigate Search Project XilinkToocls Run  Window Help

MN-EHRE 8-S -REREEDE -8 -G #$-0 G-
[ Project Explorer 51 l = B8 ||&g system.hdf [m system.mss E2 l
& i "
[SR-T0 4 lwin_hsn Rnard Support Package
[ g desigr] Mew ¥
4 125 lwip
b In Go Into Seﬁings| | Re-generate BSP Socurces
I [ 5T Open in New Window
[ Iwip_h n
g = Copy Ctrl+C - - -
Package is compiled te run on the following te
[ Paste Ctrl+V
ation: E\cours\vhdl 201 ZYBO\Iwiphlwiphlwip
B | ekt Dekie esson ps/_cortexad 0
Source 3
Move...
Rename... F2  |kage OS5
|E\_‘i Import... 't;ndalone
= .
&3 | Bport.. Standalone is a simple, low-level software layer.
&Y | Refresh 5 s caches, interrupts and exceptions as well as t
2 il standard input and output, profiling, abort and
Index » Etandalone w4 2
Make Targets 3
Resource Configurations b —_—
he Board Support Package.
Profiling Teols [
Team 4
C With 3
£ Target Co ampan 3sks| B con... | E Pro... |§'Ter,., | = i
L Local Restore from Local History... =
b & Autol ﬁ Run C/C++ Code Analysis
-~
Properties Alt+Enter hesource

Select

Import rescurces from the local file systemn into an existing project.

Select an import source:

| type filter text

a = General

Da Archive File
=% Existing Projects into Workspace
EEL Preferences

= CfCr+

= Install

= Remote Systems

= Run/Debug

= Team
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Se déplacer vers le répertoire SRC et sélectionnez tous les fichiers

File system

Impaort rescurces from the local file systern.

From directory: | EM\cours'whdl201 5V ZYBO\wiphsrc

= src [£] config_apps.h

[] dispatch.c

@ echo.c

[] http_response.c
R Iscript.ld

@ main.c

[£] platform_config.h
@ platform_fs.c

[l platform fs.h

Filter Types... | |  SelectAll || Deselect All

Inte folder: ! hwipysrc

Options
[] Overwrite existing resources without warning

[] Create top-level folder

Advanced > =

Une erreur de compilation apparait car le BSP ne posséde pas les librairies nécessaires pour implémenter une
pile IP. On doit configurer le BSP. Cliquez droit sur lwip bsp puis sélectionnez board support package settings

P
Flow Tools N |

Mew

Go Into

File Edit S Open in Mew Window Is Run Window
gy e = - = - -
3 2  Copy Ctrl+C LT Lc ]
Paste Ctrl+W
B Project Exp| ¥ Delete Delete wsterm.mss gl «
Source .3 ) 2009 xilinx. |
» (3% design Mowe... inet.h”
a 7S hwip Rename... F2 ‘ip_addr.h”
> @ Inc - |
b > Delf 23 Impeort... rintf.h™
25  Export...
[ src| B3 o
35 i s_epp=-h”
b P52 59 Refresh =T &
Close Project [ oeBrtan
Close Unrelated Projects
o_app_header();
Build Configurations » eprf_app header()
erf_app_header ()
Make Targets [3 = sk
St p_app_header();
Index app_header();
per¥_app_header
Show in Remote Systems wiew verf_app header(
Profiling Tools » Pp_application();
: erf_application(
Profile As * erf_application(
Debug As v p_application();
_application();
Run As Le per¥_application
Team » perf_application
rf head
Compare With 3 ::ha_:hipf;(‘;? e
Restore from Local Historny... =
4% Target Con | . Board Support Package Settings | El con... | E Pro..
& Local [| [fl, Re-generate BSP Sources
I = Auto O w Run C/C++ Code Analysis ers
Properties A+ Enter
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Sélectionnez les éléments suivants

Board Support Package Settings

Control various settings of your Beard Support Package.

4 Overview

4 standalone p_bsp
Iwip140 OSType:  standalone Standalone is a simple, low-level software layer. It provides access to basic processor features such as
xilmfs caches, interrupts and exceptions as well as the basic features of a hosted environment, such as standard
ZEE input and cutput, profiling, abort and exit.
4 drivers P put. p % "
7_cortexad 0
Lt Target Hardware
Hardware Specification: Ex\cours\vhdI2015\ZYBO\lwiptlwiptlwip.sdk\design_1_wrapper_hw_platform_0\system.hdf
Processor: ps7_cortexa® 0
Supported Libraries

Check the box next to the libraries you want included in your Board Suppert Package.You can configure the library in the navigator on the left.

MName Version Description
Iwip140 23 hwlP TCP/IP Stack library: lwiP v1.4.0, Xilinx adapter v...
[ xilifs 2.2 Generic Fat File System Library
[] xilflash a0 Kilinx Flash library for Intel/AMD CFl compliant paral...
[ xilisf 5.0 Xilinx In-system and Serial Flash Library
silmfs 20 Xilinx Memory File System
[ xilrsa 11 Kilinx RSA Library
[] xilskey 20 Xilinx Secure Key Library

@

| | Cancel

Pour le debugage on choisira les configurations suivantes

Create, manage, and run configurations

[l * | B 3 MName: | Mew_configuration

D Appiication\l Ey Source} Y STDIO Connection] Debugger Options | = Common\l

[€] C/C++ Application
[E] C/C++ Attach to Applicatic Debug Type: |Standalone Application Debug v |
[E] C/C++ Postmortermn Debug R
[E] C/C++ Remote Application Conneciton: |Locat v| | New |

B Launch Group Device: Auto Detect
EA Performance Analysis
B Remote ARM Linux Applicat

E Target Communication Frar Hardware platform: | design_1_wrapper_hw_platform_0

a X Xilinx C/C++ application (GI

£ New_configuration Processor: | ps7_cortexad 0

e s
£ Xilire C/C++ application (S Bitstream file:

Browse...

Initialization file: |

| |Search..,| | E-mwse,.,|

Summary of operations to be performed

1. Reset processor.

[_| Program FPGA

downloaded to the processor 'ps7_cortexa®_0'

|| Run ps7_post_config
[]Enable Cross-Triggering

Reset Processor v| Following operations will be perfermed before launching the debugger. ~

2. 'E\coursivhd201 M\ ZYBO\wiph wiphlwip.sdk\wiph\Debugwip.elf' will be

< >

: : Apply Revert
Filter matched 11 of 15 items

@ Debug | | Close
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Create, manage, and run configurations

CEX|B3-

€] C/C++ Application

[€] C/C++ Attach to Applicatio

[c] CfC++ Postmortemn Debuge

[c] C/C++ Remote Application

= Launch Group

A Performance Analysis

A Remote ARM Linux Applicat

m Target Communication Frar
4 Gin:s Kiling C/C++ application (G

£ Mew_configuration

£ Xilinx C/C++ application (S

MName: | MNew_configuration |
@ Target Setup -. s \ L}_// Source} ‘:' STDIO Connectionw Debugger Dptiuns} =] Cummun}
Project Mame: | hwip | | Browse... |
Application: | Debug/Twip.elf | | Search... | | Browse... |
[ 1Do not download program to memory
Data Files to download before launch
File Address ‘ Add

Create, manage, and run configurations

CEX =23~
| |

[E] C/C++ Application

[E] C/C++ Attach to Applicatio

[E] C/C++ Postrortem Debuge

[E] C/C++ Remote Application

= Launch Group

A Performance Analysis

A Remote ARM Linux Applicat

E Target Communication Frar
4 GiD:B Kilink C/C++ application (Gl

GiD:B MNew_configuration

£ Xilink C/C++ application (Sy

TCF

MNarme: | Mew_canfiguration

@' Target Setup (D Application rE-i// Source | f

Connect STDIO to Conscle

Port |JTAGUART w

BAUD Rate: 115200 v
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Le débit binaire est déterminé lors de la configuration du PS sur vivado :

ZYNQ7 Processing System (5.5) ‘

ﬁ Documentation ﬁ Presets Eﬁ IP Lacation ﬁ Impart XP5 Settings

Page MNavigator « | | PS-PL Configuration Summary Report

Zyng Block Design
A = Search: |'CLv

Llaome [esrripting

&
|Ps-PL Configuration IE
=
=

Peripheral If0 Pins = General
- UARTO Baud Rate Baud rate is generated with internally fixed UART Ref Clock Freq=100MHz and ...
- UART1 Baud Rate - |Baud rate is generated with internally fixed UART Ref Clock Freq=100MHz and ...

Clock Configuration --PL AXI idle Port Enables idle AXI signal to the PS used to indicate that there are no outstanding ...

MIO Configuration

~~DDR ARE bypass Port Enables DOR urgent/farb signal used to signal a critical memory starvation situati,..
-P5-PL Debug interface Enables FL debug signals to PS and vice-versa

SMC Timing Calculation --FTM Trace data interface Enables FTM Trace AXI stream interface used to capture data from FL to PS deb...
- FTM Trace buffer Generates a FIFC to hold trace data

--FTM Data edge detector Stores trace data in the FIFO when the data changes as marked by edge detector
--FTM Trace buffer FIFO size FTM Trace buffer FIFO size

~FTM Trace buffer dock delay Mumber of dock cycles interval for a trace data output from FIFO being present. ..
--Indude ACP transaction checker Enables ACP transaction checker.

~Trace data/control signal pipeline width Enables configurable number of pipeline stages on the TRACE DATA/CTL signals. ..
--Power-on reset{POR) 4k timer Enables power-on reset(POR) 4k timer. By default, 64k timer is used.

DDR. Configuration

Interrupts

--Processor event interface Enables event bus which provides a low-atency and direct mechanism to transf...

Lancez votre programme, la console vous affiche :

ﬂTarget Connecti.. 52| = B ||E Console 2 l@Tasks‘@‘Terminal 1 ‘E._t, Problems| ﬁ Executable_:| ﬂ Memorj,v‘ =
£ 2 B X% GeEEE 289~
L Local [default] Mew_configuration [Xilinx C/C++ application (GDB)] E\coursiwhdI201 B ZYBOVIwip' wiphlwip.sdidwiph Debughlwip
[ = Auto Discovered [
————— IWIP RAW Mode Demo Application ------
Board IP: 192.9.268.11e
Metmask : 255.255.255.0
Gateway : 192.9.2@88.1

Start PHY autonegotiation

Waiting for PHY to complete autonegotiation.
autonegotiation complete

link speed: 1880

Server  Port Connect With..
echo server 7 % telnet <board_ip> 7
rxkperf server 5881 % iperf -c <board ip> -i 5 -t 50 -w B4k

txperf client N/A % iperf -s -1 5 -w 64k (on host with IP 192.168.1.188)
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