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Exploitation du BUS EMIO
Sur la plateforme ZYNQ

1) Problématique

Le port EMIO permet de connecter la partie traitement PS du ZYNQ vers la partie
programmable PL du ZYNQ. Le port EMIO évite l'utilisation du BUS AXI4 beaucoup plus
compliqué a mettre en ceuvre. Le port EMIO sera composé de deux lignes d'entrées sorties, une
ligne de consigne vers l'interrupteur SWO et une ligne de pilotage vers la LED LDO. Une des
broches du MIO sera connectée vers la LED LDA4.

2) Mise en ceuvre matériel du SOC ZYNQ

Comme précédemment, lancez VIVADO et créez un projet incluant le fichier de contrainte de
la carte ZYBO.

Lancez la création d'un bloc design et intégrez le PS ZYNQ. Automatisez la connexion du ZYNQ
vers la DDR.

On doit configurer le PS afin de mettre en place le port MIO et EMIO.

N'oubliez pas d'inclure le fichier de définition du PS

Sélectionnez 'UART], le port MOTI et EMIO

Page Navigator 4 | | MIO Configuration Summary Repart
Zynq Block Design 4= | Bank 0 1jO Valtage| LvcMOsS 3.3v - Bank 1I/0 Voltage | LVCMOS 1.8V =
PS-PL Configuration | search:
Peripheral 1O Pi o~
‘eripheral ins i
t@‘:’ Peripheral 0 Signal I0 Type Speed Pullup Dires
MIO Configuration S P
=
Clock Configuration o

DDR. Configuration
MIO 43 .. 49 -
SMC Timing Calculation

Interrupts

EMET Reset 55 ~

+| USBReset
: 12C Reset s
*7 Application Proceszor Unit 59
[¥l- Programmable Logic Test and Debug |50 i
£ 61 >

63 [ok || cancel
al W

Le port EMIO est composé de 64 lignes ce que I'on peut remarquer sur la figure précédente. On
choisira une dimension de 2 bits

Le port MIO est composé de 54 bits et permet de connecter les périphériques du PS vers les
broches externes du ZYNQ.
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1k Re-customize IP
ZYNQ7 Processing System (5.5)
ﬁ’;] Documentation @ Presets || IP Location @ Import XPS Settings
Page Navigator <« | | MIO Configuration
Zynq Block Design = | Bank 0 1/O Voltage| LYCMOS 3.3V - Bank 110 Voltage | LVCMOS 1.8V hd
: Q
PS-PL Configuration = St
=]
Peripheral If0 Pins i
=1 | Peripheral 10 Signal 10 Type Speed Pullup Direction
MIO Configuration [] cano
Clock Configuration [ cant
- GPIO
DDR Configuration =0 GPIO MIO MIO =
SMC Timing Calculation - GPIO LVCMOS 3.3V ¥ | slow ¥ | disabled * |inout
- GPIO MIO 7 gpio[7] LVCMOS 3.3V ~ | slow ~ |disabled out
ntempts - GPIO MIO 8 apia[s] LVCMOS 3.3V - || slow - | disabled out
- GPIO MIO 9 gpio[d] LVCMOS 3.3V ~ | slow ~ | enabled + |inout
- GPIO MIO 10 gpio[10] LVCMOS 3.3V ~ | slow ~ | enabled + |inout
- GPIO MIO 11 gpio[11] LVCMOS 3.3V ~ | slow ~ | enabled + |inout
- GPIO MIO 12 gpio[12] LVCMOS 3.3V ~ | slow ~ | enabled + |inout
- GPIO MIO 13 gpio[13] LVCMOS 3.3V ~ | slow ~ | enabled + |inout
- GPIO MIO 14 gpio[14] LVCMOS 3.3V ~ | slow ~ | enabled + |inout
- GPIO MIO 15 gpio[15] LVCMOS 3.3V ~ | slow ~ | enabled + |inout
- GPIO MIO 16 gpio[16] LVCMOS 1.8V ~ | slow ~ | enabled + |inout
- GPIO MIO 17 gpio[17] LVCMOS 1.8V ~ | slow ~ | enabled + |inout
- GPIO MIO 18 gpio[18] LVCMOS 1.8V ~ | slow ~ | enabled + |inout
- GPIO MIO 19 gpio[19] LVCMOS 1.8V ~ | slow ~ | enabled + |inout
- GPIO MIO 20 gpio[20] LVCMOS 1.8V ~ | slow ~ | enabled + |inout
- GPIO MIO 21 gpio[21] LVCMOS 1.8V ~ | slow ~ | enabled + |inout
e COTITOY RATY ) Amin 71 LAECRANC 4 O - Al - mmmbla A E SRRt
| OK

Le fichier de configuration ZYBO_zynq_def.xml permet de figer la connexion des périphériques
vers le MOL. La documentation de la carte ZYBO nous donne ce cablage par défaut. On peut
constater que la broche MIO 7 est connectée sur la LED N°4, ce qui nous sera utile par la suite

Pmod SPI Flash GPIO
0 JF7
1 CS
2 DQO
3 DQ1
4 DQ2
5 DQ3
6 SCLK
7 LED4
8 SLCK FB
9 JE8
10 JF2
11 JE3
12 JF4
13 JF1
14 JF9
15 JF10
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Noubliez pas de déconnecter l'interface M AXTI GPO interface

ZYNQ7 Processing System (5.5)

ﬁ Documentation % Presets E IP Location ﬁ Import XP5 Settings

Page Mavigator < | | PS-PL Configuration
Z Block Design !
i i * Search: | Q- |
) ) g MName Select Description

Peripheral IO Pins [ General

- DMA Controller
- GP Master AXI Interface

MIO Configuration

Clock Configuration M AXI GPO interface [ ] Enables General purpose AXI master interface 0
M AXI GP1interface O Enables General purpose AXI master interface 1
DOR Cenfiguration . GP Slave AXI Interface

- HP Slave AXI Interface
- ACP Slave AXI Interface
‘PS-PL Cross Trigger interface O Enables PL cross trigger signals to PS and vice-versa

SMC Timing Calculation

Interrupts

Créez une connexion externe du GPIO_O, cliquez droit GPIO_O et make external

L ( =
File Edit Flow Tools Window Layout View Help

AR DERRX TP D0 YK LG Bertar | FHR© Ready

Flow Navigator « | Block Design design_1 * X
] Sources 0O w» x J;-niaqram | M Address Editor > | B ZYBO_Master.xdc = x| | E
o Alle T E Ba #]| & design_1
roject Manager |
. [z1-{7 Design Sources (1) O\+ s
£ Project Settings T B-4& design_1 (design_1.bd) (1) i
Bﬁ‘ Add Sources i-.{F design_1_processing_system7_0_0 (design_1_processing_sys, q
(=1 Constraints (1)
Q Language Templates ¢ B3 constrs_ 1(1)
i _1(1) :
1F IP Catalog -} ZYBO_Master.xdc ki i e [ Block Interface Properties. .. Ctrl+E
o p pomsmaseno o Ui .
4 Ip Integrator J G Y GPIO_OR|| X Delete Supprimer
4 Create Block Design " =l DOR4: || & copy Crl+C
Open Block De | - 3
G2 open 2 Hierarchy | 1P Sources | Libraries | Compile Order | e M_AXI_GPO_ACLK ZYNQ‘ e R i oy
&% Generate Block Design - i = M_AXI_GPO4-f{ & Search... Ctrl+F
St e B FCLK_CLKOM b SelectAl Cirle
......... & il rl+
4 Simulation . Block Interface Properties e E A o FCLK_RESETO_N® 42 Add1p... Ctrl+|
Simulation Setti 3
8 e | « »EIR] ® L - o[ Make External CirlsT
(@} Fun Simudation ¥ =00 ZYNQ7 Processing System i sevina:
. & [ validate Design F&
4 RITL Analysis Mame: GPIO_0 & &
I ¥ Open Biaborated Design Mode “ @ Start Connection Mode Ctrl+H
Make Connection...
Connection Unconnected
4 Synthesis 2 @_J— Disconnect Pin
3 Synthesis Settings General | Properties | Y| ¢
Ll ng: Disconnect Pin Inside Hierarchy
Run Synth
8 un synthesis Td Console Create Hierarchy...
3 Open Synthesized Design P
B open sym # = | Startaraup Create Comment
g i set_property -dict [list CONFIG.PCW_GFIO_EMIO GPIO_IO {2}] [get_bd cells processing system7 0]
4 Implementation ] T Create Port... Ctrl+K
5 Implementation Settings oy Create Interface Port... Ctrl+L
[» Run Implementation & < @ Regenerate Layout
b [ Open Implemented Desior @ Type & Tel command here B SaveasPDFFie...
v
= B
Pl = Tdl Console LD Messages | [ Log | 2 Reports Li) Design Runs J

Automatically create external ports and connect the selected pins to them |

IRl T
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Dans la fenétre external interface properties changez le nom en EMIO_P

| Block Design - design_1 =

Sources

T = e RE

[-{ Design Sources (1)
-4 design_1 {design_1.bd) (1)
B[ Constraints (1)
| EHEconstrs_1 (1)
; Y ZYBO_Master.xdc
- Simulation Sources (1)
B sim_1 (1)

----- {F design_1_processing_system?7_0_0 (design_1_processing_sys

JE—E Diagram X lﬂ Address Editor % IEB ZYBO_Master.xdc * x|

]| & design_1

processing_system?7_0

TIT Yy

GPIO_0 4 [Jjmeeed™, EMIO_P

< >0 : DDR <=
Hierarchy | IP Sources | Libraries | Compile Order | M_AXI_GPO_ACLK ZYNQ‘ FIXED_10=- y
B £, Sources LE Design L Signals J - SO GRO-
......... FCLK_CLKO DDR
External Interface Properties [Eo FCLK_RESETO_N FIXED_IO
* & |
= EMIOEQ & ZYNQ7 Processing System
Ee : =
Narme: ELCN;
Mode: MASTER
Connection: | <2 processing_system?7_0_GPIO_0 W @l—
[General | sroperes | ®|c
r processing_system7_0 .1
EMIO_P
GFIO 04k s
DDR
Y +
ZYNG FIXED 10k
B FCLK_CLKO Bk
FCLK_RESETO_N
FIXED_IO

L

L

ZYNQ7 Processing System

Générez le fichier de configuration du PS pour I'exportation vers la suite SDK

|| Block Design — design_1 =

EHE constrs_1 (1)

Create HDL Wrapper...

View Instantiation Template

- sim_1 (1)
| Generate Output Products. ..

< Reset Qutput Products. ..

Hierarchy | IP Sources | Librg Out-of-Context Settings. ..
£ Sources | 5 Design Package Block Design. ..

Source File Properties
= . = @

Sources e LA J E= Diag
G g -
azg s hE 3| s
[)+{E Design Sources (1) (53
=¥ Ndesign_ 1 (design_ 1.5t
: iiF design_1_proces| (& Source MNode Properties... Ctrl+E
@--1':‘: Constraints (1) [#* Open File Alt+0
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Sources =02 x || |F=m
A== 2t RE pal |
E-1&r Design Saurces ’l‘n Gy

BN icson 1 (eson_paun

- u_i‘ldesugn iz STF [ Source Mode Properties.. Ctrl+E
EI = Constraints (1) [#* Open File Alt+0
B constrs_1 (1)
_____ LY ZYBO_Master, | Create HOL Wrapper... |
EI - Simulation Sources (1) View Instantiation Template
1{1)
@ sm_ Generate Output Products...
Reset Output Products...
Hierarchy | IP Sources | Li Out-of-Context Settings. ..
T £, Sources LE§ Desig Package Block Design. ..
Source File Properties
= &
« =&k - -
Copy A +
o, design_1.bd
#  Remove File from Project... Supprimer

Location:  E:fcoursfvhdl2( Enable File Alt+Egal

Type: Block Designs- Lisable File Alt+Moins
< Hierarchy Update 3
|Genera| Properties | @ Refresh Hierarchy <

Dans le fichier VHDL de TOP level

| Block Design - design_1

Sources

o == =g h[E

B = Design Sources (1

B lr"constrs 1 (1

E| {= simulation Sources {1)
= sim_1 (1)

----- HY ZYBO_Master.xdc (target)

[E=

Diagram X Iﬂ, Address Editor X | Y ZYBO_Master.xdc X I@ design_1_wrapper.vhd > @h design_1,

£
General | Properties |

L SRERE

< >0
Hierarchy | IP Sources | Libraries | Compile Order | :
i 4 Sources [ E Design L Signals J
Source File Properties e [0 ) AR
« »BlE]
i“h design_1_wrapper.vhd
~
Location:  E:fcoursfvhd|2015/ZYBO/EMIO EMIO . sresfsources_1/bdfde
D N AR v

I >l | @ <O | F B | & il

"
o
-

—

E:fcoursvhd|2015/ZYBQ/EMIO/EMIO . sresfsources_1/bd/design_1/hdl/design_1_wrapper.vhd
25 DDE_dgs n : inout STD LOGIC VECTOR ( 3 downto O );

28 DDR dgs_p : inout STD LOGIC WVECTOR ( 3 downto O );

27 DDE_pdt : inout STD LOGIC:

28 DDE_ras n : inout STD LOGIC:

S DDE_reset_n : inout S5TD LOGIC;

30 DDE_we_n : inout STD LOGIC;

31 FIKED I0 ddr vrn : inout S5TD LOGIC;

32 FIKED I0Q ddr vrp : inout STD LOGIC;

33 FIXKED _I0 mio : inout STD LOGIC VECTOR { 53 downto 0 );

G4 FIXED IO ps_clk :

FIXED I0 ps_porb :

inout S'I'D_LDGIC:
inout STD_LOGIC;
= S i—

e

37 gpic_p tri io : inout 5TD LOGIC VECTOR { 1 downto O )
38 G

39 end design_1_wrapper:;

40

4] architecture STRUCTURE of design_1_wrapper is

42 component design 1 is

43 port {

44 DDE_cas_n : inout STD LOGIC;

45 DDE_cke : inout STD LOGIC:

NND ~l »n + dimone TN TIWEIT.
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Dans le fichier de contrainte déclarez ces deux lignes pour connecter la ligne O du port EMIO

vers l'interrupteur SWO

“BIm:k Design - design_1

Sources bl
A IS el BiE

[z+{ Design Sources (1)

-l desngn rapper - STRI
7 Constraints (1)

=l constrs_1 ( o u r

8:1)ZvE0 Ma..ter xdc (target)
l— 2= Simulation Sources
= sim_1 (1

URE {design_1_wrapper.\

£
| Hierarchy | IP Sources | Libraries | Compile Order |

£ Sources | £l Design | [ Signals

Source File Froperties N i T

-

+ +[l5]
fY ZYBO_Master.xdc
Location:
Type: *DC
< >

General | Properties |

Reports

T
s

interrupte

A
E: fcoursvhdl2015/ZYBO/EMIQEMIQ. srcsconstrs_1fimpo

E—n Diagiram b ﬂg.Address Editor ¢ | 5 ZYBO_| Masteryxde x | -.v'iil désign il wr.apper.uhd X |
24 B fcoursfvhdl?_l]lSJ’Z'YBO,’EMIDJ’EMID srcs,.‘consh's 1fimports /EMIO/ZYBO_Master, xdc

sxdc for the ZVBO Rev B boar

&
a4
) 13 #I0 119N T3 VREF 35

"‘Er 14 set_property PACKRGE PIN G15 [get ports [gpic_p tri_ ic[0]}]

Al 15 set_property IOSTANDARD LWCMOS33 [get_ports {gpic_p tri ic[0]}]
\:J 16

P T TomaT mim =

Dans le fichier de contrainte déclarez ces deux lignes pour connecter la ligne 1 du port EMIO

vers la LED4

| Block Design - design_1

Sources s [ R
M A i T B =
Q= Eel RhE

- design_i_wrapper - STRUCTURE !_':.-’—f-P rrapper.vhd

O our |
LDO

; ER:EY7YBO_Master. xdc (target)
=I5 Simulation Sources (1)
-5 sim_1 (1)

€
' Hierai'chv_ IP Sources | Libraries | Compile Order
T SDIII‘CES_-“E,E Design [ Signals .
Source File Properties
+ =+ Rk
fy ZYBO_Master. xdc
Location:
Type: XDC

< >

_Generéll | Properties |

A
E: feoursfvhdl 20 15/ZYBO /EMIC JEMIO. sres/constrs_1fimpo

E—uDiagram x' ﬂ.\'—\ddress Editor EljZ‘rBO Mastersdc x| @ design_1_wrapper.vhd '-.\,
B E J’coursf\thdllﬂISIZYBDIEMIOJ’EMID sresfconstrs_1fimports/EMIOfZYBO_Master. xdc

45 2cet property PACKA PTN P16 [get ports {btn[1]}]

K3 wril 400 Lod
42 set_property PACERGE PIN Ml4 [get ports {gpic p tri ic[l]]]
415 set property IOSTANDARD LWCMOS33 [get ports [gpic p tri io[l]}]
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Générez le bitstream

SR neRER X|

Flow Mavigator

A I

<

4 Program and Debug

Bitstream Setﬁnﬂs
%| Generate Bitstream I

[ E\? Open Hardware Manager

Exportez le matériel vers SDK

File | Edit Flow Tools Window Layout View Help
2 tewprogct. IR TIE
[ Open Project... —
tk Design - design_1
Open Recent Project k =
Open Example Project y 55

Save Project As...

Write Project Td...
[l Archive Project...

Close Project

e -
== ek R

= Design Sources (1)

51 -ilidy design_1_wrapper - STRU
= Constraints (1)

=1 constrs_1 (1)

----- Y ZYBO_Master.xdc (target)

B Save Block Design Ctrl+5  [= Simulation Sources (1)
Close Block Design - sim_1 (1)
Open Checkpoint...
Open Recent Chedpoint »
Write Checkpoint... rarchy | IP Sources | Libraries | Comp
Mew IP Location... |5 Sources LE§ Design L Signals
CpeiE L. ce File Properties
Open Recent IF Location r = [:\g
Mew File... YBO_Master, xdc
Open File... Ctrl+0
Open Recent File y [ation: E:/fcoursfvhdl 20 15/ZYBO fEN
Open IP-XACT File. . pe: oc | [-]
Save All Files...

B Add Sources... Alt+ 4 @- Propertes |
Open Source File.., Ctrl+M

| Export 4 | Export Hardware. ..

Launch SDK Export Block Design...

PAGE 93

PETITPA




TP SYSTEME NUMERIQUE EMBARQUE: TUTORIAL XILINX ZYBO VIVADO 09/08/2015

Lancez SDK

File | Edit Flow Tools Window Layout !
2 Mew Project... s
[ Open Project...

Export »
Launch SDK —

T s el TT

Créez une nouvelle application, complétez votre programme et testez

PAGE 94 PETITPA




