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1 Introduction

This document is a guide for those who own an EMC?-DP V2, and gives an overview
of both hardware and software capabilities in order to set the board up to be used in
any system.

This guide provides general information about how to configure the 10 voltages,
upstream port of the PCle, flash and SD boot configuration, and quick tutorials of
how to make a new project either in Vivado or SDK environments

Any information related to the board that is not found in this document, can be
found either in EMC?-DP Design Specification (QCF51), or EMC? Board IO. In any
other case, contact us for more help.

2 Hardware

2.1 How can I connect the EMC? to the PSU?

The EMC? works well with any power supply which provides the 12, 3.3 and 5V
necessary for the board to work with all its capabilities. The one we recommend is
the power supply FSP300-60GHS.

i

Figure 1 - Power supply

Connect the power supply to the board, using the following cable:

Y
= ‘Qw

Figure 2 - Cable for the PSU
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And connect the cable to the board.

o™
i
o
s?
o~
Q
=
) L

Figure 3 - Connecting the EMC? to the PSU

Turn on the PSU connecting it through the power connector and switching it on.

Figure 4 - EMC? fully working
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2.2 How can I configure the IO Voltages?
WARNING: Never configure the IO Voltages with the board powered up!
This board needs an external supply of 3.3V for most of the components on board,

as well as 5V and 12V for the PCle and FMC ports. The 10 voltages for the FPGA
banks can be selected through the jumpers shown in the picture.

>JP7 JP8

e

Figure 5 - JP7 and JP8

JP7 and JP8 select the different voltages available as follows:

3.3V: Position 1-2

Figure 6 - 3.3V selection
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2.5V: Position 2-JP7A and 2-JPSA

Figure 7 - 2.5V selectlon

1.8V: Position 2-3

""if?.u cﬁ.‘q

Figure 8 - 1.8V selection

JP7 selects the voltage which feeds mainly the HDMI and SEIC related signals (bank

34), while JP8 selects the voltage which feeds mainly the FMC related signals (banks
35, 13)
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2.3 How can I configure the board to use PCle?

The EMC? can work in host or add/on mode, depending on the application and the
needs of the user.

In case of using the EMC? as host, there is one thing the user must do:

- JP12 must be set up, as it’s related to the “clock select” pin at the PCle, and it
will provide the 100MHz reference clock.

Figure 9 - Host Jumper

If the board is used on a stack, it can be used in add/on mode, where JP12 should
be unconnected.

To select the upstream port, SW2 should be configured as follows:

Figure 10 - Upstream port selection
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(PEX) Port O : (Pcie) Lane O : 0000(LLLL) : All On

(PEX) Port 4 : (Pcie) Lane 1 : 0100(LHLL) : On-Off-On-On
(PEX) Port 1 : (Pcie) Lane 4 : 0001(LLLH) : Off-On-On-On
(PEX) Port 5 : (Pcie) Lane 5 : 0101(LHLH) : On-Off-On-Off
(PEX) Port 7 : (Pcie) Lane 6 : 0110(LHHL) : Off-Off-Off-On
(PEX) Port 9 : (Pcie) Lane 7 : 0111(LHHH) : On-Off-Off-Off

Where the PEX Port and Pcie Lane are the same thing, but called differently.
L corresponds to “On” and H to “Off” from SW2.

Here there is an example of how JP12 and SW2 should be to set the board as host.

Figure 11 - JP12 sets the host mode, SW2 selects port O as upstream port
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2.4 How can I boot from flash or SD card?
The jumper (JP11) is the boot mode for the "flash devices" to be set from the EMC2,

Figure 12 - Boot mode selection

The positions depending on where the user wants to boot from are:
-QSPI flash mode:

Position 1-2, resides on the Zynq MIO 1..6.

-SD card mode:

Position 2-3, (closet to JP12) resides on the Zynq MIO 40..45.

At Figure 11, Next to JP12, JP11 is set as SD booting mode.
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2.5 Information about the SEIC Connector

The EMC2-DP has most of its capabilities available at the extension board, accessible
through the SEIC connector.

Figure 13 - SEIC extension board

This connector is labelled as J3 and J4 on the extension board and main board
respectively.

EMC2-DP-V2

(c)2814-15 Sundance
Multiprocessor
Techp_nlogy Ltd

n

| TS

i 'I'Hllllllll|IIIIIHIHHIHHHH_U

Figure 14 - SEIC connector
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The pinout of the SEIC is represented in this schematic, where the top pins of both
J3 and J4 are connected, as well as the bottom pins.

PIM 87

HOWI_D& HOMI_DS HOMI_DS HOMI_D&

HOMI_D7T HOMI_D4 HOMI_D4 HOMI_D7T
PN 34 PIN 53

HOML_ D& HOMI D3 HOMI B3 HOKI_CE
Pil &2 PiN 81

HOML C8 HOML 02 HDM| L2 HOML D3
PiN 58 PN 85

HOKI_ D10 HOMI_ D1 HOMI_D1 HOML D10

HOWI_ D1 HOMIL_DO HOMI_D3 HOMI_ D1
Pill 84 Pt 83

HOMI_INT HOMI_DE HOMI_DE HOMI_INT

HOMI_SDA HOM_CLEK HOMI_CLK HOMI_SDa

HOMI_SCL HOMI_HSYMNC HOMI_H3YMNC HOMIL SCL
Pibl 78 PIN 75

CEC_CLK HDML VSYHC HEMVSYHC CEC_CLK
Pibl 74 PN 73

CT_HPD LS OE LS _OE CT_HPD

SPOIF_OUT PHY_MDH_N PHY_WMDH_N SPOIF_OUT

SPOIF 1N PHY_MDH_P PHY _MDH_P SPDIF_IN

PHY_MDIZ_P PHY_MDIO_N PHY _WDI0_N PHY_NDIZ_P
PN 57 PN 54 PIN 57

PHY_MDE N PHY_MDI0_P PHY_MDIO_P PHY_ MDE2 N
PN 48 PN 55

PHY_MDI3_P PHY_LEDA PHY_LED1 PHY_MDI3_P
Pill 45 PiN 53

PHY_MDI3_M LECT1 LEDTY PHY_MDI3_N
PIM 44 PN £7

PHY_LEDZ LEDT2 LEDT2 PHY_LEDZ

LEDG ADON ADON LED3
PIN 43 P 34 PN 23

LED4 ADDE ADOP LED4
PN 24 PIN 35

ADIN SEC_RX P SEC_RX_P ADIN
PN 22 Pin 33

ADIP SEC_RX_N SEC_RX_N AD1P
PiN 18 PIN 23

SATA_SEC TH P use_io usse_Io SATA SEC_TH_P
PN 14 PiN 21

SATA SEC_TK. M WBUS_EN WBUS EN  SATA_SEC T N
Pibl 12 P 15

oTG D N VBUS VBUS oG D N

OTG. D P LART RX UART RX oT3 D P

PINT
UART_TX SOUT_P UART_TX
TOP DINS SOUT N S P TOP PINS
SIN_N
SEIC J3
SEIC J4
Figure 15 - SEIC Connector Pinout
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3  Software

3.1 How can I use Vivado with the EMC??

The EMC? is well supported from Vivado 15.2 and it’'s recommended to use always
the newer versions.

For Vivado 15.4 and newer versions, board files for the EMC?-Z7015 and EMC?-
77030 are available.

Board files from Trenz Electronic can be used depending on the module installed on
the carrier.

This will make life easier for the user when assign constraints related to MGT
signals, or MIO pins in Zynq architecture.

All the pin locations for the SEIC devices and FMC are described in the EMC? Board
10 document.

To include the board files in your system, download the corresponding files, and
add them at the installation path of Vivado, normally:

C:\Xilinx\Vivado\ 201 5.X\data\boards\board._files

Ko €| | <« iin » Vivado » 20152 » data » boards »

File Edit View Tools Help

COrganize « Include inlibrary = Share with = Burn Mew fo
w1 Favorites Lol

B Desktop board_files

& Downloads board_parts

=] Recent Places board _schemas

|| board_interface_preferences.uml

= Libraries

|"5| Documents

Figure 16 - Board files path

To use the board files in a project, do as follows.
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Open Vivado and create a new project:

L o s
fie Fon Tods Widow b
VIV} \DO Productivity. Multiplied.
|4 New Praject k
Quick Start
| | Create a New Vivado Project b
A é P -
(e 2 “This nizard wil quide you thrcugh the crestion of a new project.
9% = VIVADO ;
Ta create a Vivaco project you wil need to provids & name and a locabon for your project fles. Next, you wil
A S Open Froject Open Exawk specify the type of Bom youll be warking with. Finally, you wil specfy your project sources and choose 2
default part.
Tasks
/51}5 f f;i,
(=
Hanage P Open Hardviare Marager
e
Information Center
a et
Oncumentaton and Tutorisls  Quck Take Videos
To continue, dick Next-
e B
& Td Corsole
. quide you through the pr sources and a tanget device for & new project.

Figure 17 - Create a new project

Click “Next” and select the path of the project.

Choose RTL project and mark the square “Do not specify sources at this time” in
case the project won’t import any source and it’s a blank project.

Then, when Vivado asks for a device part, select “Boards”, and choose either the

EMC2-Z7015, EMC?-Z7030 or compatible modules from Trenz:

# New Project X
Default Part
Choose a default Xilinx part or board for your project. This can be changed later.
Select: @ Parts |[§ Boards|
4 Filter
Vendor: All v
Display Name: | All v
Board Rey: Latest -
Reset All Filters
Search: Q- v
Display Name Vendor Board Rev Part 1/O Pin Count File Version
@ ZedBoard Zynqg Evaluation and Development Kit em.avnet.com d @ xc7z020cg484-1 434 1.3 P
@ emc2-z7015 sundance.com 1.0 @ xc7z015dg485-1 485 1.0
@ eEmc2-z7030 sundance.com 1.0 @ xc72030sbg485-1 435 1.0
@ Artix-7 TEO712-01-100-2C trenz.biz 0.1 @ xc7a100tfigg484-2 484 1.0
B Artix-7 TEO712-01-200-2C trenz.biz 0.1 @ xc7a200tfbg484-2 434 1.0
@ zZynQ-7 TED715-01-15-1C trenz.biz 0.1 @ xc7z015cg485-1 485 1.0
@ zYNQ-7 TED715-01-30-1C trenz.biz 0.1 @ xc72030sbg485-1 485 1.0
@ Artix-7 AC701 Evaluation Platform xilinx.com 1.1 @ xc7a200tfbg676-2 676 1.2
# Kintex-7 KC705 Evaluation Platform xilinx.com 11 @ xc7k325tffg900-2 900 12 ot
< > O
< Back Next > Finish Cancel
Figure 18 - Board file selection
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Once the project is opened, the user can notice the information about the board and

the part used.

J}:ijed:w X |

=1

& | Projectpart: EMC2-Z7015 (xc72015cq485-1)
53| Topmodule name: Not defined

Target language: VHDL

Simulator language: Mixed

Board Part

Display name: EMC2-Z7015

Board part name: sundance.com:emc?-z7015:part0: 1.0

Repository path:  C:/Xilinx/Vivado/2015.4/data/boards/board_files

URL: hitto:/fwww.sundance.technology ?page id=67

Board overview: The EMC2-Z7015 is a stackable PCle/104
OneBank SBC with a Xilinx Zyng-7 FPGA and a
VITAS7. 1 FMC LPC interface. It can function as
PCle root or endpoint, and has a PCle switch
on-board. On-board peripherals indude HDMIL,
gigabit Ethernet, USB on-the-go and SATA,

Synthesis * Implementation

Status: Not started Status: Not started

Messages: No errors or warnings Messages: No errors or warnings

Part: xc7z015cg485-1 Part: xc72015dg485-1

Strategy: Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults
Incremental compile: None

DRC Violations 2  Timing

»

Emc*

FR—
s
[
-
«f

»

Figure 19 - Board information in Vivado

As soon as the user creates a new block design in IP Integrator, will have available

some interfaces already set up and ready to use:

Block Design - design_1

Board
QT (Ee v >

@ emc2-z7015
B Clock Sources (0 out of 2 connected)
¢ L.O» PCle Reference Clock
» Si5338 Clock Outputs

i) LEDS
. “sD PHY LEDs
[=1-{=3 Onboard Capabilities (0 out of 3 connected)
. -0 FMCIIC
+90 LVTTL
. 0 RS232UARTs
=i Reset (0 out of 1 connected)
i.C» PCle Reset

E {1 General Purpose Input or Output (0 out of 2 connected)

M

& Sources | i Design | @ Signals @ Board

Figure 20 - Board interfaces in IP Integrator

The interfaces available are those ones related to the FPGA pins. To use the rest of
the capabilities, they can be used through the MIO pins in the PS of the Zynq.
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As an example, to select one of the outputs of the clock synthesizer (Si5338), just
double click on Si5338 Clock Outputs, at Clock Sources:

Board Component Properties

« > &R

» 5i5338 Clock Outputs

Description: The Clock Synthesizer Si5338 has 4 outputs
available to use. This chip must be configur

through 12C.

Board P 1 F E, 4 i Diagram X ‘
Q< B |[E] e ¥ 3] b design_1
@ EMC2-Z7015 .\:
B-& dock Sources (0 out of 2 connected
» PCle Reference Clock LN
[@35i5338 Clock Outputs 'O':
[=]-{5 General Purpose Input or Output (0 out of 2 connected) '
O i
¥ PHY LEDs
(-5 Onboard Capabilities (0 out of 3 connected) ¢ Connect Board Component x
*0) FMC IIC
L) LVTTL Select a component mode to connect board component '5i5338 Clock Outputs'. to an IP.
¥ RS232 UARTs ‘
=& Reset (0 out of 1 connected)
» PCle Reset Component mode: Si5338 OQutput CLKO ~
S Name VLNV
H
) | £ E Create new 1P i
£ Sources | H Design | @@ Signals (il Board s & Clocking Wizard blinx. com:ip:dlk_wiz:5.2

{#® MicroBlaze MCS
{# Ethernet PHY MII to Reduced MII

xilinx.com:ip:microblaze_mcs:2.3
xilinx.com:ip:mii_to_rmii: 2.0

o [ oo

Figure 21 - How to use interfaces in IPI

Select Output CLKO as component mode, and Clocking Wizard as IP.
Automatically, the input will be assigned to the IP selected.

Remember that these capabilities are made so that the user can access easier to them.
The outputs of this clock synthesizer must be preconfigured through IIC in order to
use them.

| Block Design desgn_1*
Board
Q I & [E]e o >
W EMcrznois
513 Clock Sources (1 out of 2 cornected

» PCle Reference Clock

o SR

+0 PHY LEDs
23 Onboard Capabilities (0 out of 3 connected|
¥ FMCTIC
WO LVTTL
+) RS232 UARTS
@ Reset (0 out of 1 connzcted)
» PCIe Reset

> 4 Sources | H Design | i Signals, [l Board
Block Pin Properties

>

D reset

Name:  reset

Direction: Input

Net Unconnected

General | Properties | Interface

&5 General Purpase Input or Qutput (0 out of 2 connected
+0 LEDS

= o Diagram X
3] s design_1
O | (@ Designer Assistance available. Run Comnection Automaton

dk_wiz 0

CLKO clk_inl clk_outl

reset

B = L

Clocking Wizard

PP M S G HAOOR PR

Figure 22 - Block generated through the interface

For the FMC Interface, HDMI and MGT signals on board, there is a constraints file
available to use. The HDMI can be tested following the tutorial in this document.

EMC?-
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3.2 How can I create a Zynq FSBL for the EMC??

To create a FSBL is necessary to determine the hardware of the system through
Vivado, and export that hardware to SDK environment, where it’s possible to create
a FSBL based on this hardware defined previously.

As an example, a simple project will be created to show the procedure:

Following the steps mentioned at 1.2.1, a project with a TE0715-01-30 part, called
“FSBL_example” has been created.

Click “Create block design” in the GUI of Vivado, and choose a name for it:

% FSBL example - [C/FSBL example/FSBL example/FSBL example.xpr] - Vivado 2015.2
File Edit Fow Tools Window Layout View Help

AR doRb X DD UG K E G |Sochutlayo KR R®

Flow Mavigator < | | Project Manager - FSBL_example
E % Sources N e _|}:‘|_;;J
B i | k| B [
7 | @ﬁliﬂdﬁ|rﬁ|@ E Pr
|1l Project Manager i _— g =
- : 2 -1 Design Sources =
ﬁ Project Settings - Constraints r
@ Add Sources == Simulation Sources Prd
Led=rmim_1
‘? Language Templates i Prg
Pro
IF Catalog - 3
i g Create Block Design M
4 TP Integrato
s i A Fleaze specify name of block design.
]u% Create Blodk Design | ‘ |
,ju".f Open Block Design
& Generate Block Design CHSI |design_1
Directory: |5 <Local to Projects '
4 Simulation — s : b
&ﬁ Simulation Settings Spedfy source set: | | Design Sources >

@ Run Simulation

4 RATL Analysis
ﬁ Elaboration Settings

Figure 23 - Create block design
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Add a Zynq Processing System IP block, and connect FCLK_CLKO to
M_AXI_GPO_ACLK.

processing_system7_0

DDReL ]|

FIXED_IO=h ]|

M_AXI_GP0O_ACLK ZYNQT M_AXI_GPOel !
FCLK_CLKO

FCLK_RESETO_N =

ZYNQ7 Processing System

Figure 24 - Zynq Processing System

Then, click Run Block Automation, and press “OK”.

processing_system?7_0

DDR <= DDR
- FIXED IO FIXED_IO
M_AXI GPO_ACLK M_AXI GPO<- [
T ZYNQ RCLK CL:]; L
FCLK_RESETO N

ZYNQ7 Processing System

Figure 25 - Run Block Automation

The MIO pins are automatically assigned. If the user needs to add/configure more

capabilities, as UART, GPIO pins, etc., make double click in the Zynq Processing
System, and select them
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g Re-customize IP » g
ZYNQ7 Processing System (5.5) ‘
14 Documentation € Presets [ IP Location {4} Import XPS Settings
Page Navigator || Zyng Block Design Summary Report
i 110 Petipharats
PS-PL Configuration Ganeral
SP10 Application Processor Unit {APU)
Peripheral IfO Pins 0 Eil ES:
“;.‘:“:;. [T
MIO Configuration (150} ik ARM Corlex Xa ARM Cortex K9 |
CAND i cru U I
Clock Confiquration CaN Y Controt Regs L
UART 0 &
DDR. Configuration o UART 1 bl A
MU GPIO. *' { SiC Shioop Control unit AR
i i Moy ] Save
SMC Timing Calculation N . i cm 1 512 KB L2 Gache and Controter Ports-
Us8 o
Interrupts
w use 1 7] 25 KB
0 Intesconnact SRAM
ENET 1 Central
Bankl ™ d
M FLASH Memony
{53:48) Interfaces et
] m:}“"‘ Memory Interfaces )
QUAD P P — Programmable DDRZALPODRZ
— R M_‘J ‘ Loge t Memory Comtroter
- SMC Timing J
Calcutation
= DMAEwc EEDE
P PR S )
Resets | Genoration S5{E0 2 Processing System{PS)
on A
TR of1]2 DMA = T
[T LB E° T B | e | Contg | B2 | Hioh Pedomamce: *ADC |
mio Emiy . PERL At Axl AES] L
Clock Porks Masr Sae SHA L
Pords Ports.
Programmable Logic(PL)
: ] -—m‘ce‘-
e _ -

Figure 26 - Zynq architecture

It is highly recommended to read the Zynq documentation from Xilinx to understand
the architecture and be able to configure the Zynq properly.

For this example, Uart 0 will be added.

Q Re-customize IP

ZYNQ7 Processing System (5.5)

il Documentation £ Presets [ TP Location £ Import XPS Settings

/

Page Navigator
Zynq Block Design

PS-PL Configuration

«

Summary Repart

Bark0 |LVCMOS 3.3V~ |

‘Bankl |vemosa.ay - |

MIC Configuration
Clock Configuration
DDR Configuration
SMC Timing Calculation

Interrupts

Peripheral 1/0 Pins

ST R RS T e il il 12: 130 0 35 360 ST,
500
s s |
| | =0 el | |
SPH E?’M
UARTO UARTO UARTO UARTO
UARTA UARTH ‘ UART1 ‘ UART1 | UART
—
| 120 | 1200 | 12c0. ‘ I
il i ST 0 o
12¢1 12¢1 121 12¢1
CAN1 GANT CAN1 ‘ GAN1 | CAN
| | TTEo
)
SWDT
PJTAG PBITAG e
C I | r

EMC?-DP

Figure 27 - Adding Uart
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Click “Validate design” and then “OK”

4. Validate Design ]

o
@ Validation successful, There are no errors or critical warnings in this design,

Figure 28 - Validate design

Create a Wrapper of the design, as follows:

| |é : : FSBL_example - [C:/FSBL_example/FSBL example/FSBL_examplexpr] - Vivado 2015.2

File Edit Flow Tools Window Layout Wiew Help
APEH RO R2RX P D Y@ K LG Sofutaut - &K
Flow Navigator « | BlockDesign design_1*

Q= Sources — O % || [Taoa|
| == 2 h|E 3 &
4 Project Manager A n T —

i : [=1-47 Design Sources (1) +
&} Project Settings | 54 [ 5
E:ﬁ Add Sources t = Constraintd [&  Source Node Properties.., Ctrl+E L
(- Simulation { 4, Fi %
@ Laviiake Tenplits i Open File Alt+0 ‘<_J§
g: 1P Catalog | Create HOL Wrapper... | &
Yiew Instantiation Template H_':_u
I - mm | Generate Output Products... ,['\L’-
¥, Create Block Design Reset Output Products. . Q,
5‘3‘ Open Block Design :
% Generate Block Desian = A g
= =
4 Simulation Copy All Files Into Project Alt+I {}
£ simulation Settings A  Remove File from Project... Delete =
() Run Simulation Enable File Alt+Equals &
Disable File Alt+Minus EJ:
i )
R Anabess Hierarchy Update 3 %
i‘i Blaboration Setfings & Refresh Hierarchy @
[* @¥ Open Elaborated Design 1P Hierarchy i r
'y &
4 Synthesis ) Resirbeaide T
ﬁ Synthesis Settings |—I-ﬁerardw |1P HEtTIn Type. =
$’ Run Synthesiz _\\_ i Sources Set Used In...
b @ Open Synthesized Design |.| Seurce Fie Proped Edit Constraints Sets...
Hods = Edit Simulation Sets. ..
4 T tati :
pleents oo b design_1.bd Assodate ELF Files, ..
ﬁ Implementation Settings = @ 1
@ Add Sources... Alt+A r
[» Run Implementation Location:  C:/H % N
; —| 42 Report IP Status
[» ’ Open Implemented Desian Type: | Blol —— |

Figure 29 - HDL Wrapper
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Generate the Bitstream, tool easy to find in the Flow Navigator.

Now is time to export the hardware. Select “File -> Export -> Export Hardware”

e

File | Edit Flow Tools Window Layout View Help

BL_example - [C:/F5B L_ExampiefFSEL_example.-"FS.BL_Examp le.xpr] - Vivado 2[11'

&
&

=

Mew Project...
Open Project...

Open Recent Project
Open Example Project...

Save Project As...
Write Project Td...
Archive Project...
Close Project

TR
ick Design - design_1 %

Eign

= [ |

= | 5=

design_1

= External Interfaces

=i Interface Connections

"'a Mets

LT3 processing_system7_0_FCLE_CLKO

Save Block Design
Close Block Design

Ctri+5

HF processing_system?_0 {ZYNQ7 Processing

Open Chedkpoint...

Mew IF Location. ..

Open IF Location...

Mew File...
Open File...
Open Recent File

Open IP-XACT File...

Ctri+0

Add Sources. ..
Open Source File...

Export

Launich SDK

Open Log File
Open Journal File

Print...

Ctri+P

Exit

ame: rocessing_system?_0

Brent name: design_1

Figure 30 - Export hardware

Mark “Include Bitstream”, and export.
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}L Export Hardware

e

Export hardware platform for software development

toals,

[¥] Indude bitstream

=

Export to: . ) <Local to Project=

oK

J [ concel

Figure 31 - Export hardware including the bitstream

Launch the SDK (“File -> Launch SDK”)

The SDK opens automatically our project, where the user can see the ps7_init
project, which initializes the PS in the Zynq.

m C/C++ - design_1 wrapper_hw_platform_0/system.hdf - Xilinx SDK

—

:(Elﬂ

File

Eliiw

Edit Source Refactor Mavigate
| &% -&d8

Search Project XilinxTools Run  Window Help

HEOg-e-d-@r H-0-

Q- w

T | =

Ell-res

Quick Access

[ Project Explorer 52 ‘

a 3 design_1_wrapper_hw_platform_0
=) design_1_bdtcl

= design_1_wrapper.bit

[& ps7_init_gpl.c

|2 ps7_init_gplh

[ psT_init.c

(& psT_inith

@ psi_init.html

= |
BER|Y ~

[543 system.hdf 52 ‘

= 0 || ou. 2 |@Ms.| = O

Design Information

Target FPGA Device: 72030
Created With: Vivado 2015.2
Created On: Fri Jun 03 10:17:57 2016

Address Map for processor ps7_cortexad 0

O=xf8008000
O=f8009000
O0=f800a000
O=xf800bO00
O=zfa200000
O=x00100000
O=xf8006000
O=xfa007000
Oxf8004000
O=xf8003000
Oxfaf00200
O=xf8900000
O=zf8£f01000
O=z=0200000

Oxf800BEEfE
O=fR009f£f1
O=zfa00afff
Ozf800bEff
OmfR8fffff
Oxlfffffff
Oxf8006££1
Oxf20070ff
Oxfa0n4fff
Oxf8003££1
OxfRf002ff
Oxfa9fffff
OmfBf01££f
Oz=0200fff

ps7_afi_

ps7_afi_1

ps7_afi_2

ps7_afi 3
psT_coresight_comp_0
ps7_ddr 0
ps7_ddrc
ps?_dev_cfg 0
ps7_dma_ns
ps7_dma_s
ps7_globaltimer_(
ps7_gpv 0
psT_intc_dist_0

ne<d inn bus confin 0

design_1_wrapper_hw_platform_0 Hardware Platform Specification

An outline is not available.

il

Overview

I+ [ Hardware Server
& [ Linux TCF Agent
= QEMU TcfGdbClient

:ﬁ.‘Targat Connections I3 |=§; 2 =0

& Pro.. &5 I@,Taslﬁl El con... | E Pro... |,§,§|Ter..

S E

[El spkLog 52

0 items

=4

=

BE

18:31:18 INFO
18:31:48 ERROR

Description

i

Resource

16:31:53 INFO

: Launching XSDB server: xsdb.bat a
: Timed out. 39 seconds have elar
: Processing command line option

Figure 32 - SDK

To create a FSBL, go to “File -> New -> Application Project”
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oo =
Application Project ) .
Create a rnanaged make application project. @
Project name: |
Uze default location
Location; ?-L‘::"-.FSBL_E:{EFHNE"I.FSEL_EKEH'IF]|E-'I.FSE|__E:{EH'IF]|E.SE|k | | Browse,.. | '
Choose file spster ||:Iefau|t - i
05 Platform: ’stan:ipiune v]
Target Hardware
Hardware Platform: ’design_l__wrapper__hw_piaﬂmm__ﬂ- vl [New|
Processan ’ psi_cortexa® 0 - ]
Target Software
Language: @C O Cre
Board Support Package: @ Create New
Use existing -
@ [ <Bock | New> |[ Fnish | [ .Concel

Figure 33 - Export hardware including the bitstream

Give a name to the project, for example “FSBL”. It’s intuitive, as it shows the

hardware platform (HDL Wrapper exported previously), the ARM core selected from
the Zynq, and the OS platform.
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Press next and select “Zynq FSBL

R New Project *_m

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

Available Templates:
Peripheral Tests First Stage Bootloader (FSEL) for Zyng. -
Dhrystone The FSEL configures the FPGA with HW
Empty Application bit stream (if it exists) and loads the
Hello World Operating Systemn (05) Image or
IwIP Echo Server Standalone (54) Image or 2nd Stage Boot l
Memory Tests Loader image from the non-volatile
RSA Authentication App memaory (MAND/MNOR/QSPT to RAM
SREC Bootloader (DDR) and starts executing it. It supports
SREC 5SPI Bootloader multiple partitions, and each partiticn
Kilkernel POSIX Threads Demo can be a code image or a bit stream.

Eﬁn? DRAP tests

@ Mext = [ Finish ] [ Cancel

Figure 34 - Zynq FSBL project

Press “Finish” and the FSBL project will be added.

Now the user has a ps7_init source in this project that can be used for initialize the
PS at the FSBL. It’s recommended to check out the file system.mss from the BSP
project, because depending on the hardware exported, the user can find different
code examples from Xilinx for the different peripherals included in the Zynq
processing system (UART, DDR, I2C, USB, etc.).
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3.3 How can I create SD boot file?

Based on 1.2.2, in this example the FSBL project will be exported as .bif and .bin
files, to boot from SD card.

Click “FSBL -> Create Boot Image”

— —
[ZE C/C= - FSBL bp/eystem.mss - Xilinx SOK - .
| File Edit Source Refactor MNavigate Search Project Xilink Tools Run Window Help
1
Cirl Do - {R-LREENED LR RS RNCAE 2D R Bl B AGCHIEIRSIRAHCR SR
I
o - — [E = =
' [ Project Explorer 52 ‘ == | ¥ ¥ = 0O ||[g pstnitc | €| main.c |im system.mss E3 | €] ps7_init.c | system.hdf |
a i
+ b (&} design_1_wrapper_hw_platform_0 FSBEL_bsp Board Support Package
i
] X t}. New 3
1 i Golnic I Modify this BSP's Setl'mgsl IRe-gem:ratE BSP Snurcr;s]
h k
A .
| > & Open in New Window Target Information
h
| a4 [ FY 2 Copy Ctrl+C This Board Support Package is compiled to run on the following target.
h =
1 .4 _l Paste Cril+V Hardware Specification: CAFSBL_example\FSEL_example\FSBL_example.sdi\design_1_wrap,
h == ;
i @ 3 Delete Delete Target Processor: psT_cortexad 0
E [l Source E Operating System
E Move.. Beard Support Package OS5,
i hensthes 7 Name: standalone
] g Import.. Version: 51
1 | Description: Standalone is a simple, low-level software layer, It provides access to basic
! = et environment, such as standard input and cutput, profiling, abert and exit,
: Build Praject Documentation: standalone v5 1
q
]
d Clean Project
] Felalishs Peripheral Drivers
] &  Refresh F5 = -
] e Diivers present in the Board Support Package.
\ ose Proje
1 57_afi 0 generic
! Close Unrelated Projects e i - -
i ps7_afi_l generic
E Build Configurations » pS?—aﬁ—z gener?‘:
: Wiake Faits ¢ ps7_afi_ 3 generic
1 ps7_coresight_comp_0 coresightps_decc
! Index r ps7_ddr 0 generic
? Show in Remote Systems view paoodec tgroeric
£ B . ps7_dev_cfg 0 devefg Documentation Import Examples
d rofiling Tools
b 9 ps7_dma_ns dmaps Documentation Import Examples
1 Conveit1a... ps7_dma_s dmaps Documentation Import Examples
4 : T
! Profile As L ps7_globaltimer 0 generic
! Debug As 3 ps7_gpv 0 generic
i Run As » ps7_intc_dist 0 generic
1 Rdn " psi_iop_bus_config 0 generic
1
! psi_l2cachec 0 generic
1 CeopaiEh L ps7_oeme 0 generic
! Restore from Local History... psT_pl310_0 generic
h
7 0 i
| Create Boot Image it gener!c
! psT_ram_0 generic
1 B, Change Referenced BSP . S 2
1 oo |
| T&l Generate Linker Script Ouerview| Soulce|

Figure 35 - Create boot image

The user can now see that SDK tries to export a .bif file, from the .elf file (FSBL
project in SDK) and the .bit file (Vivado bitstream file).
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@ Create Zyng Boot Image

Create Zynq Boot Image

Creates Zyng Boot Image in .bin and .mcs formats frem given FSBL elf and partition files in specified cutput folder.

@ Create new BIF file (") Import from existing BIF file

Output BIF file path:  C:\FSBL_example\FSBL_example\FSBL_example.sdk\FSBL\bootimage\FSBL.bif

[ Use Authentication

Authentication keys

m
(=]
!
m

[T1Use encryption
Encryption key:

(@) BRAM EFUSE

Boot image partitions

File path Encrypted Add |

(boctloader) CAFSBL_sxample\FSBL_example\F5BL_example sdk\FSBL\Debugh\FSBL.elf none
CAFSBL_exarnple\FSBL_exarmnpled\FSBL_example.sdkidesign_1_wrapper_hw_platform_D\design_1_wrapper.bit none

5
=
=

< | m

Output path: ~ C\FSBL_example\FSBL_example\FSBL_example.sdk\FSBL\bootimage\BOOT.bin

@ Preview BIF Changﬂ-] [ Create Image J I Cancel

Figure 36 - Create image

Press “Create Image”.

Now in the following path, where “nameoftheproject” was FSBL_example, there
should be a .bin file called “BOOT.bin” and a .bif file called “FSBL.bif”

C:\nameoftheproject\nameoftheproject\FSBL_example.sdk\FSBL\bootimage

This .bin file can be included in a SD card, and selecting the jumpers on the EMC? to
boot from SD, described in this document, the Zynq will be configured when
powering up the board.

Remember that in this case is assumed that the project run in the Zynq is the FSBL
itself. The PS needs to be always configured, that’s the reason why SDK assumes the
first file as “bootloader”. To run any other application, there should be 3 partitions:
FSBL.elf (bootloader), .bit file (PL) and .elf file (application).

These steps are for Windows users.
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3.4 How can I program the FPGA from Flash in Vivado?

To program the FPGA from flash, the user needs to erase the flash and program the

FPGA with a .bin file.

Open the FSBL_example project created in 1.2.1 in Vivado.

This project has a .bit file generated, but to program the flash a .bin file is needed.

To let Vivado know that, it’s possible to do it going to “Project Settings” in the
Vivado Flow Navigator, and mark the .bin option in Bitstream options.

[ra —
ﬂﬁ Project Settings l T ﬁ
% |
General =
i =/ Write Bitstream (write_bitstream)
tel.pre
Simulation il ekt
= -raw_bitfile [
@@ -mask_file [F
et -no_binary_hitfile [F]
i
$ -readback_file [F]
Synthesis Hogic_location_file E
-verbose o]
|) Mare Options
Implementation
Rl
| &
P
I
-bin_file 1
| Write & bimary bit file without header (.bin).
|I
i | ok || cancel || Apply

Now rewrite the bitstream, and open the hardware manager.

EMC?-DP

Figure 37 - Project settings
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Connect the EMC? to the computer through JTAG, and power the board up:

Figure 38 - Set the hardware and open the Hardware Manager

Open a new target, and the EMC? will be recognized by the software

Select Hardware Target

| Select a hardware target from the list of available targets, then set the appropriate JTAG dock (TCK)
| frequency. If you do not see the expected devices, decrease the frequency or select a different target.

Hardware Targets

Type MName JTAG Clock Frequency

i 0000 153516701 000000~

Hardware Devices (for urnknown devices, spedify the Instruction Register (IR) length)

Mame ID Code IR Length

G arm_dap_0 4BA00477 4
& xc72015_1 03730093 6

Hardware server: localhost: 3121

< Back “ Mext > Einish Cancel

Figure 39 - Open target
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The user can see at this point that the hardware manager sees the PL and the PS
from the Zynq (FPGA + ARM). Press “Next” and “Finish”.

Not to program the Flash, we have to Click “Add Configuration Memory Device”

|.E': FSBL_example - [C/FSBL_example/FSB LA
File Edit Flow Tools Window Layout View Help

AR DO RER X DD WS K LG [Eochitiont | F N | 0ashboud~ |

Flow Navigator «| | Hardware?t - localhost xlinx_tcf Xilinx(0000183h51f701
st = @ There are no debug cores, Program device Refresh device

i”)_ \ Hardware s
roject Manager o
43 Project Settings G SE .
% Add Sources | Name Srguis
| = B localhost (1) Connected

Q Language Templates
4 1P catalog

Ctrl+E

4 TP Integrator | Hardware Device Properties. ..

.ﬁ.‘_, Create Block Design @ Program Device...
5.& Open Block Design & Refresh Device
% Generate Block Design | & pAdd Configuration Memary Device..,
Boot from Configuration Memory Device
4 Simulation
Program BER Key...
% Simulation Settings
Clear BBR Key...
@ Run Simulation
Program eFUSE Registers. ..
4 RTL Analysis Export to Spreadsheet. ..
% Elaboration Settings
3 Eja‘ Open Elaborated Design
4 Synthesis Hardware Device Properties e [

Figure 40 - Add Configuration Memory Device

Select the Flash device, in this case S25FL256S (Spansion).

Select a configuration file and set programming options.

Memory Device: |@ 525f1256s-3. 3v-gspi-x4-single

{ 3 s 1

| _example /FSBL_example /FSBL_example.runsfimpl_1/design_1_wrapper.bin | [3
Zynq FSBL: Il (-]

Program Operations

Configuration file:

Address Range: | Conﬁgu(aﬁcn _lfi_lg_qﬂy
Erase
[] Blank Check

Program

Verify

Figure 41 - Choose the .bin file

Choose the .bin file, which should be in the following path, and program the flash.
C:/FSBL_example/FSBL_example/FSBL_example.runs/impl_1/design_1_wrapper.bin
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3.5 How can I create a HDMI test project?

To test the HDMI interface, Trenz provides a design here.

In this document it will be shown how to create a working project, which displays a
picture through the HDMI port, using Trenz IP Cores.

This project currently works in Vivado 15.2. The tutorial shown from here has been

done with the EMC2-Z7015 Board files, and the constraints file provided.

Open a new project in Vivado, and add into the IP catalog the repositories needed
for the project, which include the cores “video_io_to_hdmi” and “axis_fb_conv”.

! Block Design - design_1

| Board B .1

a X 5| E ¥

M EMc2Z7015

=I5 Clock Sources {0 cut of 2 connected)
(Cr PCIe Reference Clock

¥ 5i5338 Clock Outputs

Onboard Capabilities {0 cut of 3 connected)

R5232 UARTs
Reset {0 out of 1 connected)

wCr PCle Reset

Properties — O %

&« (B3

| %= Diagram ¢ | {F 1P Catalog % |

General Purpose Input or Output {0 out of 2 connected)

ECY X EL T L]

Gl Search: | O~
[==>] 1
=g | Mame

= User Repository {c:/MyIPs

{¥F axis_fb_conv_v1.0

7 BaselP

“-4F video_jo to hdmi vi.0
Vivado Repository

= Alliance Partners

Automotive & Industrial

AT Infrastructure

BaselP

Basic Elements

= Communication & Metworking
Debug & Verification

Digital Signal Processing
Embedded Processing

FPGA Features and Design
Math Functions

= Memories & Storage Elements
=~ Partial Reconfiguration

[ Standard Bus Interfaces
*-[Z Video & Image Processing

t k)

(13

License

Pre-Production Included

Included

EMC?-DP

Figure 42 - Adding repositories
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Create a new block design in IPI, and add a Zynq Processing System. For this project
it will be needed I?C, Uart and SD capabilities assigned to the MIO pins.

The I2C will be the protocol of communication, and the project will be booted
through an SD card.

ZYNQ7 Processing System (5.5) ‘

ﬁ Documentation % Presets [[_j IP Location ﬁ Import XPS Settings

Page Navigator < | | MIO Configuration Summary Report

Zyng Block Design 4= Banko1jo Voltage! LYCMOS 3.3 - Bank 11/0 Voltage | LYCMOS 3.3V ~|

PS-PL Configuration
=
ey

Search: | Q- |

Peripheral IjO Pins | %
| Peripheral 0 Signal 10 Type Speec

=
W10 Configeation | | =, & Memory Interfaces

=)+ If0 Peripherals

Clock Configuration - [F] ENETO

DDR Configuration &[] ENET 1

- 0] USBD

- ] USB1

0 [#] soo |M104o..45 v|
g+ [[] 8Dt

5[] UARTO IO 14.. 15 - |
i @ [0 uaRT1

ETETN - -
- [ 1c1
@ [T sPIO
i+ [ sPra
1 [F] cAMO

£ [0 cani

|- GPIO

- Application Processor Unit

{#* Programmable Logic Test and Debug

SMC Timing Calculation

Interrupts

1
[
0
(i

£
[
[
[

Figure 43 - Selecting MIO pins
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Configure the clock outputs of the Zynq. For this project there will be 2 main clock

sources, 100MHz and 75MHz respectively.

The 100MHz clock will feed the AXI interconnections, while the 75MHz clock will be

related to the video controller blocks.

NOTE: The second clock is originally generated from the ARM PLL, not from IO PLL.

{F Re-customize IP X
ZYNQ7 Processing System (5.5) '
[ Documentation & Presets [ IP Location #4} Import XPS Settings
| Page Navigator «|| Clock Configuration Summary Report |
Zynq Block Design L “Basic Clocking | Advanced Clocking |
PS-PL Configuration 4= Input Frequency (MHz)| 33.333333 CPU Clock Ratio| 6:2:1 -]
Peripheral 1/O Pins Search: | Q-
by L
MIO Configuration 3 Component Clock Source Requested Frequen... Actual Frequency(M... Range(MHz)
Hu X Configuration I EE @ ﬁmeyM
10 Peripheral Clocks
DDR Configuration
SMC Timing Calculation i
s M FCK_CLK1 v |75 74.074081 0.100000 : 250.000000
Interrupts - [0 Fak_ck2 10PLL 50 10.000000 0.100000 : 250.000000
[ FCLK_CLK3 10PLL 50 10.000000 0.100000 : 250.000000
System Debug Clocks
@ Timers
[ox ][ conce
Figure 44 - Configuring clocks
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Activate the interrupts as well.

ZYNQ7 Processing System (5.5)

ﬁ Documentation % Presets ‘Jj IP Location @ Import XPS Settings

Page Navigator “@ ‘ }n‘lernjpts

Summary Report

2Zynq Block Design -+ sesichy | O
arch: | O
PR
PS-PL Configuration &l
E Interrupt Port
Peripheral IJO Pins iy 7| Fabric Interrupts
L=

PL-PS Interrupt Ports

MIO Configuration i 1Rg_Fapfi

. Gl D'reD_nFIQ
Clock Configuration - [ Cored_niRQ
i [F] core1_nFIQ

DOR Confi i i
Arguten 7| Corei_nRQ

SMC Timing Caleulation [#- PS-PL Interrupt Ports

pin] Description
Enable PL Interrupts to PS5 and vice versa

Enabies 16-hit shared interrupt port fram the PL. MSB is 3|
Enables fast private interrupt signal for CPUD from the PL

3 Enables private interrupt signal for CPUQ from the FL
3 Enables fast private interrupt signal for CPU1 from the PL
31 Enables private interrupt signal for CPU1 from the PL

i, 1 +

Figure 45 - Interrupts

Run Block Automation, and the Zynq will assign the DDR and FIXED_IO ports.

3] i desion_1

processing_system?_0

s sex ZYNQ™

BedSQE g tHAOOEER A

PTP_ETHERNET_04-
DDR & ):BDDR
FIXED 104 FIXED_IO
USBIND_0+ |||
M_AXL_GPO - £
TTCO_WAVED_OUT =
TTCO WAVEL OUT =
TTCO_WAVE2 OUT =
TTCL_WAVED_OUT =
TTCL_WAVEL OUT
TTCL WAVEZ OUT =
FCLK_CLKD =
FCLK_CLK1 =
FCLK_RESETO_N &=

ZYNQ7 Processing System

Figure 46 - Run Automation
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Add the Video Direct Memory Access, Test Pattern Generator and Video Timing

Controller blocks.

r
3] & design_1
(i.i ﬁ Designer Assistance available, Run Connection Automation
ac -
1§
||f'
T ocessin tem7_0
a pr 0_5YS = 3 DDR
= PTP_ETHERNET (<& | axi_wdma_0
- DDR 4 ||}
s : .5 AXT LITE s
— FIXED_IO<: |— %s_m; X M_AXI_MM2S <k [
& USBIND 0=k | i M_AXT_SZMM < [
= ; : s_anl_lite_ack .
5 M_AXI_GPOd- i o Wiy M_AXIS MM2SdL =
E 3 TTCO_ WAVED OUT = :-ﬂ.; 2 -'adk mm2s_frame_ptr_out[5:0]
] W TTCO_WAVEL OUT m= i - s2mm_frame. ptr_out[5:0]
mV_AXI GPO_ACLK ZYNQ m_axi_s2mm_aclk
% : . TTCO WAVE2_OUT = SRR mm2s_introut
) TTC1_WAVED_OUT = = N s2mm_introut
axl_resetn
el TTCL WAVEL OUT =
= TTCL_WAVEZ OUT = AXI Video Direct Memory Accass
= FCLK_CLKO = { ; FIXED_ IO
FCLK_CLKL = v_tc 0
FCLK_RESETO_N = ..&&1
ZYNQ7 Processing System II| & wtiming_in
v_tpg_0 =clk
- =clken
+‘ S —s axi_adk  vtiming_outdy |||
; = = axi_acken g =
L ={det_dken t[0:
\rldea_mtﬁ}E: gm_d‘_eﬂ fsync_out[0:0] s
g Irg = =
= resetn
s axl_adk S':d -
s _axl_adken = _in
s_ax|_aresetn i
v
Video Timing Controller
Test Pattern Generator "
F [
Figure 47 - Adding blocks
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Configure the Video Direct Memory Access block as follows.

AXI Video Direct Memory Access (6.2)

i Documentation (= 1P Location

Show disabled parts:

Compenent Name | design_1_ax_ydna_0_0

4/ Basic| advanced |

| component Hame design { & veina 0.0

' Basic

Address Width (32-64) |32 | bits
Frame Buffers 1+
] Enable Vrite Channel
- Memory Map Data Width |64 =
irite Burst Size 8 -

Stream Data Width (Auta) 2z v

Line Buffer Depth

Enable Read Channe|
Memory Map Data Width | 84 v
Read Burst Size 8 -
StesmDataidth 32 v
Line Buffer Depth 8

[7] Enable Asynchronows Mode (Auta)

‘Write Channel Options. Read Channel Options.
Faync Optors Feync Optons | Nane -
Genlock Made | Master i GenLack Mode | Master -
[7] Allow Unaligned Transfers [7] Allow Unaligned Transfers

EMC?-DP

Figure 48 - Configuring DMA
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The Video Timing Controller as follows.

Video Timing Controller (6.1)

ﬁ Documentation || IP Location

|| Show disabled ports

bkl

ik
=iclkeri
m—c_axi_adk

swhiming_out b I
= s _acken i -
==igen_clken Feync_ouk[0:07] =
=fresetn

=is_axi_aresetn

m=Fsync_in

Component Mame |design_1_v_tc. 0_0

Detection/Generation | DefaultiConstant | Frame Sync Position

il

Optional Features

[T} Indude INTC Interface

[T} Interlaced Video Support

[ ] Synchronize Generator to Detector or to fsync_in

Max Clocks Per Line | 2048~ | Max Lines Per Frame | 2048 = |

Frame Syncs 1 =]

Enable Generation || Enable Detection

Generation Options Detection Options

ield 12 Geperation | Fleld 10 Detection

Vertical Blank Generation

[#] Horizontal Blank Generation

[] vertical Blank Detection

| Horizontal Blank Detection

—

Vertical Sync Generation

orizontal Sync Generation

ctive Video Generation

[] Active Chroma Generation

| Vertical Sync Detaction

[V Herizontal Sync Detection

[/] Active Video Datection

[] Active Chroma Detection

["] Autn Generation Mods

EMC?-DP

Figure 49 - Configuring Video Timing Controller
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The Test Pattern Generator as follows.

[Ep—— =
Test Pattern Generator (6.0) '
il Documentation [ P Location

[7] Show disabled ports Component Name ‘_
-
Video Component Width 8 -
Optional Features _ TestPattern Generator Options
T Input Video Format | RGB -
AXT4-Lite Register Interface el | B
Output Video Format | RGB -~
V| Enable AXI4-Stream Slave Interface
Enable Motion
[T Enable Video Timing Interface Motion Speed lo | m-2s51
|| Enable TNTC Ports TestPattern | Zone Plate ]|
Bayer Phase 4Nene — sl
Input Frame Dimensions
Number of Pixels per Scanline (Default) | 1250 | (32 - 7680]
Number of Scanfiries per Frame (Default) | 720 | (32 - 7680]
widen_outdh E
aresem irg =
s_axi_aclk
5_axi_acken
s_axi_aresein
< (g CHls nr ] r
o

Figure 50 - Configuring Test Pattern Generator

Running Connection Automation, assign the blocks to CLKO, which should be
configured as 100MHz.

= =
F o
& Run Connection Automation
Automatically make connections in your design by checking the boxes of the interfaces to connect, Select an interface on the left to display its configuration options on
the right.
Q! A&l Automation (3 out of 3 selected) Deseription
= £ axi_vdma_0
i [ b 5_AXI_LITE Connect Slave interface (/v_tpg_0/ctrl) to a selected Master address space.
B AE#to _
: i et Options
= F4F v_tpg 0 Master: Jprocessing_system7_D/M_AXI_GPO

- 5l

Clock Connection {for unconnected cke) : ;;Fprocessing_sysbemT:O,lFCLK_CLKO {50 MHz} -|

Figure 51 - Assigning clocks
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Select the Zynq as Master of the system.

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display jts configuration options on

the right.

@ =-{&7] All Automation {1 outof 1 sele:tea)
=+ [#] £F processing_system?7_0
B3 AXI HPO

& B4

Description
Connect Slave interface (fprocessing_system7_0/5_AXI_HP0) to a selected Master address space.
Options

Master: faxi_vdma_0/M_AXI_MM25

Clock Connection {for unconnected dks) : | /processing. system7._0/FCLK_CLKD

Figure 52 - Adding blocks

The system should look like this for now, having the Zynq as Master of the three
blocks which will be the interface with the HDMI onboard.

v e d
s
[
—k
=ik
o ach wiming out ||
=, Ao i
procassing_ system?_0_axi_periph —He cen P outi00jmm
A —gen_chan
—resem
I i Araset
rst_processing_system7_0_S0M » —tsyre i
= . 500_ACLE r———
lawsst_syne, ek _peset] e B i Viden Timing Contraliar
1 resat o _gtrict_recet{0:0 ] . Eismm = ai_vdma_0
— e in peviaheral_resetfo.0jm i i -
B0 ARESETN | 2 g 02 ) RS AXT_LITE L
W i g1 ACLK e e i AL b=
it Jatied perngners e e M_AXIS | 2
f—1 ARESETH =, an sk -
et 0 = it en2s, frame_ptr_aug5:0]m
Protessar System Reset d P2 ACLE . s, mas,_acik mem2s, invauthe
L2 sasseTy iresmta
processing system? 0
AXL Videa Direct Memary Access
PTP_ETHERNET 0df [ i por
oo ] v_tpg_0
FIHED 10} oo
USBIND, 0 5
i i s i
ﬂo:wm];_m auT| st
% —arte vid
P M TTC0WAVEL OUT) mg;‘ 9. auth
P BE0 O ZYNG TTE0_WAVEZ_ OUT e o
TTCL WAVED_OUT it
=5 ax_acken
TTCL WAVEL_OUT
B aresenn
TTCL WAVEZ ouT
FELK 18 Test Pattern Generator
LXK {3 FIXED 10
FOLK RESETO_M|

ZYNGT Processing Systam

EMC?-DP

Figure 53 - First look
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Open a slave port in the Zyng, so that the DMA can be Master of it.

I¥YNQ7 Processing System (5.5)

[if Documentation £ Presets [ 1P Location #5% Import XPS Settings

y

Page Mavigator 4| | PS-PL Configuration Summary Report
Zyng Block Design = e |Q-
E | Name Select Description
Peripheral I/0 Pins iy |[E General
=% . E— —
2 |- AXI Mon Secure Enablement 0 + | Enable A¥I Mon Secure Transaction
MIO Configuration - :
|- GP Slave AXI Interface
Clock Configuration |- HP Slave AXI Interface -
AXTHPO interface F_nables Ax1 high performance siave interface 0
DDR Configuration Enables AXI high performance slave interface 1
SME Timing Calculation (-5 AXI HP2 interface El Enables AXI high performance slave interface 2
[#]-5 AXI HP3 interface [E Enables AXI high performance slave interface 3
Interpts - ACP Slave AXI Interface
@ DMA Controller
-PS-PL Cross Trigger interface ] Enables PL cross trigger signals to PS and vice-vers,
ECEp = 1 | 3
[ ok || concel
Figure 54 - Adding a slave port
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And the system looks like this after this last step.

axi_vdma_0
processing_system?7_0_axi_periph WS HITE M_AXT_MM2S -3
p——s axi_it=_ack i
5 M_AXIS MM2S .
p——m_ a0 mm2s, ack o
e T e Sl axi_mem_intercon
mm2s_introutl-
S I lm-)”c
e ) ARESETN [l T Mog_axt - AX1Video Direct Memory Access x
fo % o EE M m
ax Mo1,_AXI J -
0 _:nezm -%Dm“:m i 500 ALK [E143 I MO0_AXT 1
| o M p AResETH [y Ay
ACLK v tc 0 ]’ s
RESETH B
‘:ax o -ptrl WO0_ARESETN
ARESET [} -svomina
= ek AXI interconnect
AXT Intes t .
Gialo bl axiack  viiming out 3|
=s.axi_acken Lol o
—let_chhen feync_oat{0:0] pu processing_system7_0
rst_processing_system7_0_50M —{gen_dlken
Egeuliey i o mib, peset) —Jresetn DOR
_recet_in bus, struct_reset{o: 0] -Exkareocin [ FDED_I0
ux_reset_in paripheral_reset]0:0]pm b et
b_debug_sys rst 5 Tty T Coet b -
oched perpheral, Video Tuming Conboer S pr :
s 5 L] 1S AXI_HPO - L
Processor System Reset LAXI GPO_ACLK ZYND -
SAKL_HPO_ACLK E0_OUT =
TTCI_WAVEL OUT -
TICI WAVEZ OUT
FOLK_CLED
FOLK_CLKL =
FOLK_RESETO_N
s axl.ack.
st ZYNQT Processing System
5 axi_aresetn

Test Pattern Generator

Figure 55 - Second look

Make the DMA Master of the axis_fb_conv block, whose output goes to the Test
Pattern Generator.

axi_wdma_0
processing_system7_0_axi_periph 5] .}S_AI[J.I: MAXL
. x5 M_AXIS_ 325 .
{300 AXT a_mmis ack: A
e Bl & mm. _phr 1 !
e - WS mm2s_introut|
_resatn
2 % — N
5o I mo0_As - AX1 Video Direct Memory Aocess —
MO ACLK @§mm1,m 4]
LARESETH [y o 1 #02_ANI L ES P':
1_ACLK vt 0
M01_ARESETH F -
T gl M-
ALK i i
102 ARESETN [ oveeming_in
=tk
L m =lcken |
AXI Interconnec o )
: saxidck  veming_outshf]| o
=5 axi_acken i =
-t clien Hfaync; out]6:0] fm
rst_processing_system?_0_50M —jgen_ciken
—{rESEI
mb_resete=
uss_stract reset]0: 0] m ___a)u,_;
peripheral_reset]0:0] pm
—_—
LR Video Timing Controller
phenl {0:0] | |
-
v_tpg_0 L
ke
: _wideo_in
-
—acien video_out L
—aresetn [
J s _axi_ack
axis_fb_conv_ w1.0 (Pre-Produchion) ={s_axi_acken
5_axi_aresemn
Test Pattern Generator

Figure 56 - Making connections
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Connect the following outputs into a AXI4 Stream to Video Out block, and its output
to the video_io_to_hdmi block provided by Trenz.

idae
e
aresstn

0 pckk

s i ackien
s

Test Paftarn Generatar

W tpg 0

widk ok,

]

Il)é'l
£

o e e
Vidkeo Timing Contraller

Ve

v_adds vid out 0

PE T

Figure 57 - HDMI Interface blocks

Assign the 75MHz clock to the corresponding pins, respecting the resets and AXI
Interconnect pins.

EMC?-DP

processing . system?_0_axi_pesiph
e

uf

-

proc_sys_reset O

st gy o i et
- s struct, reset 100
= resel pesigihed |
—ﬂwlq"%ﬂ i
o, et P

Processat System Resst

T |J—— o T RSTOn
FDED 100D
UsaIND_ 0+ <500 AL
MK PO |2 ACLK
B e K TTCO, WAVED_ OUTR
ik o ZYNQ‘ TTCO WANE L CUTE ELLS @%mmﬂ Pt
M_AM_GPO_ACLY. 2 TTCOWAVEZ OLTE 0, AFESETH B
AXL ALK TTCL WAVED GLTR M0 ACLK
TTCL WAVEL OUTE IRESETN
TICL WAVEZ CUTE
FOLK CLK0 B Inberoonnect
FOK Ok
FOLK RESETO_ Me——
Fw0? Procsssing Systam
ai_vdma_{}
ol v.ipg 0
S ALITE M s o
t e fte ack ] il et
A prem2s,_ack 22 e ity
menize_Frame pte_ouE5.01m
s rmeids_ack il
e pessetn N —facken ity et
AN Midao Diect Memory Actess ik

videa_

. i in
[ v

: i)

vig ce ke

-k focked =

e e

i o
| oy ok
=i o it

—————
Ax4-Speam o Wide Dt

video

{|| e s in
Py

jo_to_hdmi_0
P ouel |

0 30 hami vi.0

Figure 58 - Clock connections
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Create the ct_hpd and Is_oe ports, assigning “VCC” to them, as well as the clock
enables.

_ v ic 0
il et
s ai_aclk vaiming_out . [}
s ], aciken e
—jgen.cken  fsync_ out[0:0]
s_axi_aresetn
=lfsync_in
—
Video Timing Controller
D oor
[ FIXED_IO
o r=> ct_hpd[0:0]
«constant_0
- v_tpg 0 ) = 1s_0e(0:0]
. [c—
- -pvidea_in o Constart
wideo_out s £ H - Lvidea_in e i
C 5 video_io_to_hdmi_0
g b || s¥tming.in ——
s axl.ack ——ack vid_in_out - [|} |l| - ioin P
hdmi_out
s ax) aclken wig ce vid_io_in. o iout hdmi_out
_axi_aresetn o locked -
video_io to hdmi vi.0
wr_eeror =
Test Pattemn Generator rd ==
Vi e 0wt clk
_| i o ot e

U ——
AXI4-Stream to Video Out

Figure 59 - Adding ports

Connect the rest of the general clocks, and the clock enable of Video Timing
Controller from the Stream to Video Out output.

P_ETHERNET 0.
00R 4 b=y
FRED 10 -3
USBIND 0.4 S
MUAKL PO o | e — :
TCO_ WAVEQ OUT - =i
ITCO WAVEL OUT - c
ITCOWAVEZ OUT -
ITCL WAVED OUT - n—:_::j:tm vmmg_nml:; | —
TEL WAVEL OUT |-
TEL WAVEZ_OUT = pemgen clen  faync cua0:0]
FOLK QL)
FOLK_OLKL s axi_aresetn
FCLK_RESETO_Nf=— —ffeync_in
Video Timing Controlier

axis_fb_conv_0

H s axs

 axis ack

viden out L

—s_auis_aresatn
xis_fb_conv_v1.0 (Pre-Production
v_tpg 0
| it
e v_axids_vid_out_D
ko ook i in
L []}-psvtiming.in
s_axi_aclk o v o _ows -4 [}
b (= _axi_aclken e 5 Vhg, e e
axl_aresan locked -
= - wr_eror b
Test Patten Generator e s
il o_out_dlik
] _jo,out 2

e et
AX14-Stream to Video Out

Figure 60 - Connecting the rest of the clocks
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Configure the interrupts for the Zynq

axi_vdma_0
s || 145 AXI -
SR J'w: AT MMIS
“‘Eumm M_AXIS_ MM2S 4. 5
'“_' = mmis_frame_ptr_out{5:0] s i
%5 mm2s_ack i < axi_acken
xlconcat_0 xi_resetn s, axl_aresatn
- B —
A1 Video Direct Memory Access Test Pattern Generator
nif:0]  dou[2:0]
n2[0:6] 1
Concat

il

[||-s.xt_two_rFer cTRL ol
S AXI_HPO
A_ AKX GPO_ACLK:
AXI_HPO_ACLK
fIRQF2P[0:0]

TTCH WAVED GUTH
TTCH WAVEL GUTE-
TTCO WAVEZ OUTH
TTCL WAVED OUTH-
TTCL WAVEL GUTH-
TTC1 WAVE2_OUTH-

FOLK_CLKD

ZYNQ™

e axiadk  viming outoh

= axi_acken irg|
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Figure 61 - Connecting interrupts

Create the cec_clk port, and connect it to “ground”.
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Figure 62 - Adding port
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Validate the design, and write the Bitstream.

Export the hardware and launch the SDK. Create a new application project, called
FSBL, and import the HDMI application.

To create the boot file, 4 files are needed:
-FSBL.elf file, to configure the PS

-.bit file generated in Vivado.

-hdmi.elf file, application which configures the HDMI chip.
-picture.rgba, addressed with a value of 0x38000000, which is the picture shown in

the screen.

m CJC++ - FSEL_bsp/system.mss - Xilinx 50K Edit Parition @I
File Edit Source’ Refactor Mavigate Seapch Demiect  Wilinw Fonle Biin Windaw el = i =
= | o R v o2 Bl Create Zynq Boot Image Edit the boot image partition
Edit the boot image partition
Create Zynq Boot Image
..lb Project Explorer &3 | = 0 || Creates Zynq Boot Image in .bin and .mcs formats from| Fije path; Ci\Test_HDMDemc2vZ.rgba | Bmwsr_]
== B = =
=5 | b 1@ Create new BIFfile () Import from existing BIF file Partition type: | datafile &
|+ (% design_1_wrapper_hw_platform_0 2 B
b 125 FSBL Output BIF file path:  C\Test HDMDoutput.bif Authentication: | none Encryption: | rone
3 FSBL_b: = | :
% hdmi_ 2 [ Use Authentication Checksum:
Lt
b @ hdmi_bsp Authentication keys Bro
Other
Alignment: Offset:
T signatire Reserve: Load:  (x38000000
= Startup:
[} Use encryption
Encryption key:
@ BRAM EFUSE
Boot image partitions .@ [ oK J I PR I
File path
(bootloader) C:\Test_ HDMD Test HDMLsdk\FSBL\DebughFSBL.elf nene none Delete
C\Test_HDMI\Test_ HDMLruns\impl_1design_1_wrapper.bit nene none
C\Test HDMD\ Test HDMILsdki\hdmi\Debughhdmi.elf nene nong Edit
— e C\Test HDMDemc2vZ.rgba none none
£ Target Connections 22 | &2 12 = B | Up
I+ [= Hardware Server Down
# 2 Linux TCF Agent ——————————
(= QEMU TefGdbClient Output path:  C:\Test HDMNEOOT.bin Browse
@) -
) Preview BIF Changﬁl [ Create Image ] I Cancel I
| i =
= hdmi
Figure 63 - Creating Boot Image
Create the image, and place the .bin file into an SD Card.
EMC*DP Issue 1.4 Page 46



Powering up the board, the PS will be configured, the hardware implemented in the
PL, and the HDMI application will be run, generating the picture in the screen.

SUNDANCE
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3.6 Upgrading

3.6.1 To a new version

Version 16.2 and above

To upgrade the HDMI project to Vivado 16.2, one of the blocks has been updated.
This block is the Test Pattern Generator, which doesn’t have the AXI clock and reset
pins now.

widem s m_axis_video o
' interrupt

Video Test Pattern Generator

Figure 65 - TPG Block Vivado 16.2

This can be a difference in the design previously described, because the AXI clock and
the main clock for the TPG to make data transfers are different.

To validate the design, connect the ap_clk to the 75MHz clock, and consequently,
modify the AXI clock and AXI reset connections related at the Interconnect which is
master of the TPG, assigning as well the corresponding Process System Reset.

processing_system?7_0

DODR -3+ )—l I processing_system7_0_axi_periph

= ZYNQ7 Processing System AXI Interconnect

FIXED_IO-»
USBIND_0 -» i |-s00_Axt
M_AXLGPO-4 |
|I[-#s_Ax1_Hpo_riFo_cTRL TTCO_WAVEQ_OUT f- TH{O:0)
i -ps_AXI_HPO - TTCOWAVELOUTE S00_.
M_AXI_GPO_ACLK ZYNQ TTCO_WAVE2_OUT f- 500_ D§D MOO_AXI - fi
S_AXI_HPO_ACLK © TTCILWAVEO OUT - 100_ACLK EEM Mo1_AXI-
RQ_F2P(2:0] TTC1 WAVEL OUT - 100_ARESETN[0:0] [I&[ MO2_AXI- fi
TTC1 WAVE2 OUT 01
FCLK_CLK 101_ARESETN[0:0]
FCLK_CLK1 02_ACLK
FCLK_RESETO_N r—‘ 102_ARESETN[0:0)

proc_sys_reset_0 v_tpg_0
:_ sync_dk mb_resetp -ps_axi_ CTRL ostezes
reset_in bus_struct_reset[0:0] = : -1s_axis_video m_axis_video-3 :
a Qaux_reset_in s )| _ck ' interrupt =—o
—|mb_debug_sys_rst L lf _rstn
—fdem_locked L
'I Video Test Pattern Generator

Processor System Reset

Figure 66 - Correct connections
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This change should be enough for the design to be built properly. Remember to export
the hardware again, and re-create a platform, FSBL, and HDMI applications related to
the new design.

3.6.2 To a different module

27030

To target this project for a z7030 module, go to project settings, and change the FPGA

part:

W

General

Q

Simulation
)
§ P
L4

Elaboration

General

Name: Test_HDMI_7030

Project device: 8 EMC2-27030 (xc72030sbg485-1)

Targetlanguage: | Verilog

Default library: xil_defaultib

Top module name: | design_1_wrapper

Language Options
Verilog options:

Generics/Parameters:

verilog_version=Verilog 2001

Loop count:

1,000%

5] [ om0

¢ Select Device X

Filter, search, and browse parts by their resources. The selection will be applied.

Select: 9 Parts | Boards

4 Filter/ Preview
Vendor: Al v
Display Name: | All v
Board Rey: Latest v

Reset All Filters

Search: |Q- v

Display Name Vendor Board Rev Part ]
[ ZedBoard Zynq Evaluation and Development kit em.avnet.com d @ xc72020dg484-1 4
@ emc2-z7015 sundance.com 1.0  xc72015dg485-1 4
" NG00 Bindonce o 10— 11 scra0ansbods-1 1
ZYNQ-7 TE0715-01-15-1C trenz.biz 0.1 @ xc72015dg485-1 4
@ 2YNQ-7 TE0715-01-30-1C trenz.biz 0.1  xc72030sbg485-1 4
@ 2YNQ-7TE0720-02-1CF trenz.biz 0.2 @ xc72020dg484-1 4
@ Z/NQ-7TE0720-02-1CR trenz.biz 0.2 @ xc72020dg484-1 4
@ 2NQ-7 TE0720-02-1QF trenz.biz 0.2 ® xa72020dg484-1Q 4
@ 2YNQ-7 TE0720-02-26F trenz.biz 0.2 @ xc72020dg484-2 4
@ zNQ-7 TE0720-02-2IF trenz.biz 0.2 @ xc72020dg484-2 4
@ 2YNQ-7 2C702 Evaluation Board xilinx.com 1.0 @ xc72020dg484-1 4V
< >

-7 o ][ on

Figure 67 - Target 27030

This change requires to rebuild the project, generating a new bitstream, and therefore
modifying the hardware, which forces us to re-create a platform, FSBL and HDMI
applications according to the new FPGA architecture.

The main difference between the z7015 and z7030, apart from the huge difference of
speed and resources available, is the IO banks in the FPGA. The z7015 has HR (High
Range) banks, while the 27030 has both HR and HP (High Performance) banks. This
affects to some of the pins available in the z7030 module.

At the Board I0 document this aspect is mentioned due to the problems it can cause
the use of the 27030 module with some IO standards, as LVDS 25 for differential
signals. The fact that some of the pins belong to HP banks in the FPGA, can make
trouble with Vivado depending on the IO standards selected.

For this reason, in this HDMI application, for the 27030, the user must set the
jumpers onboard to 1.8V.

To use the 27030, it’s highly recommended to use a fan to cool down the module, as

EMC?-DP

Issue 1.4

Page 49




the temperature can increase up to 100 degrees or more otherwise, and that can
cause timing problems within the FPGA, or even damage the hardware.

TE0820
To target you project for the TE0820 instead of the z7015 or the 27030, you need to
remove the Zynq IP block in Vivado and replace it with a Zynq UltraSCALE+ IP block.

3.7 How can I create an SDSoC Platform for EMC??
3.7.1 Up to version 2016.2 included

The platform created in this tutorial is based on the HDMI test project previously
explained. It has been made for SDSoC 16.2, using the EMC? with a z7030 module.

The steps explained in order to create this platform can be used for any other
platforms, changing the paths and names specified. For more detailed information
about platforms and libraries, check this document out.

This platform has been made for a standalone application. FreeRTOS and Linux
will be added in the future.

To understand the mess between files, paths and copy-paste operations, it’s
recommended to create a folder where the user saves their platforms and
workspaces. For this tutorial, a folder called “SDSoC_Tutorial” has been created at the
C disk. Remember that for any Xilinx’s software, it’'s recommended not to use spaces
in the names or long paths for our files.

< | HDMIpfm
m Home Share View
— v N > ThisPC > Local Disk (C:) » SDSoC_Tutorial > Platforms > HDMIpfm
SDSoC_Tutorial A [ Name
Platforms arm-xilinx-eabi
HDMIpfm boot

arm-xilinx-eabi hardware

boot samples

hardware Vivado

s HDMIpfm_hw.pfm

samples
s+ HDMIpfm_sw.pfm

Vivado
Workspaces

HDMiws

Figure 68 — Platform and Workspace folders

As it’s shown above, in “SDSoC_Tutorial the user will include their platforms and
workspaces. In this case:

“HDMIws”, workspace where the user will generate their SDSoC projects later.
“HDMIpfm”, in which the user must create 5 folders and 2 files:

o “arm-xilinx-eabi”. This folder will contain the libraries and a linker
script.

o “boot”. This folder will contain the fsbl.elf file and a .bif file which
specifies the parameters for a standalone .bin file generation.

o “hardware”. This folder will contain the prebuilt files, in order to buy
time when rebuilding a project in SDSoC without functions pushed into
hardware, avoiding the bitstream generation, which takes time.

o “samples”. This folder contains the C/C++ files for the different
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applications the user wants to add automatically to the platform
o “Vivado”. This folder will contain the design made in Vivado, base of the
platform.
o “HDMIpfm_sw.pfm” (platformname_sw.pfm). This Platform software
description file will contain the necessary arguments for the software to

find and compile the libraries, booting or hardware files.

o “HDMIpfm_hw.pfm” (platformname_hw.pfm). This Platform hardware
description file will contain all the IP definitions of the design. It’s
generated by Vivado.

e PUT THE HARDWARE DESIGN INTO THE PLATFORM (VIVADO FOLDER)

With the design open in Vivado, the bitstream written, and hardware exported, click
“File -> Archive project”.
(The design in Vivado should have the same name as the platform. To change the
name of the design, File -> Save as -> choose new name and path).

And click “OK”

Extract “HDMIpfm.xpr.zip” and put its contents in the folder “Vivado” at

¢ HDMIpfm - [C:/Projects/HDMIpfm/HDMIpfr/HDMIpfm.xpr] - Vivado 2016.2
File | Edit Flow Tools Window Layout Wew Help

[) ﬁ @ ??( E L_) 08 pefault Layout
)ckDEign design_1

Mew Project...
Open Project...

Open Recent Project >
urces
o pdg 3 = [P
== ah A (E
| esign Sources {1)
v design_1_wrapper |
i, design_1_i - design_1
"HE= Constraints (1)
Hiz Simulation Sources {1)

Ctri+5

Open Example Project. ..

Save Project As...
Write Project Td...
Archive Project...

Close Project

]

Close Block Design

Figure 69 — Archive Project

¢ Archive Project

this project.

Archive name: HDMIpfm
Archive location: C:/Projects/HDMIpfm

Archive file will be created at: C:/Projects/HDMIpfm/HDMIpfm.xpr.zip
Temporary location: | C:/Projects/HDMIpfm

Indude configuration settings

Include run results

[

Create a compressed (.zip) file that contains all the sources, settings and other files associated with

Cancel

Figure 70 — Archive project. Select path

“HDMI_Tutorial_platform”. Put in this folder the.rgba picture as well
(“EMC2_with_logo.rgba”)

EMC?-DP

Issue 1.4

Page 51



I & s | Vivado
Home Share View

&« v > ThisPC > Local Disk (C:) » SDSoC_Tutorial > Platforms > HDMIpfm > Vivado
v ] SDSoC_Tutorial A O Neme . o
¥ Platforms config_settings 1
v | HDMipfm HDMiIpfm.cache 1
> arm-xilinx-eabi HDMIpfm.hw 1
boot HDMIpfm.ip_user _files 1
hardware HDMIpfm.ipdefs 1
N samples HDMIpfm.runs 1
HDMIpfm.sdk 1
LA LT HDMipfm.srcs 1
config_settings _] archive_project_summary.txt 1
HDMipfm.cache L] EMC2_with_logo.rgba 0l
> HDMIpfm.hw ¢ HDMIpfm.xpr 1
> HDMIpfm.ip_user_files d vivado.jou 1
> HDMIpfm.ipdefs ] vivado.log 1

> HDMIpfm.runs

HDMIpfm.sdk

HDMIpfm.srcs

v Workspaces

Figure 71 - Move the hardware design

e CREATE HW PLATFORM, BSP, FSBL AND HELLOWORLD
(ARM-XILINX-EABI AND BOOT FOLDERS)

Open SDSoC 16.2, and select the .sdk folder of the HDMI Vivado project as workspace.

m Workspace Launcher

Select a workspace

Xilinx SDSoC stores your

projects in a folder called a workspace.

Choose a workspace folder to use for this session.

X

Workspace: | C:\Projects\HDMIpfm\HDMIpfm\HDMIpfm.sdk

VII Browse... I

[[] Use this as the default

and do not ask again

oK

Cancel

Figure 72 — Select workspace

Create a new Hardware Platform Specification project, and select the exported
hardware .hdf file located in .sdk
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% MNew Hardware Project m} x

Mew Project [m|
Select a wizard <> New Hardware Project
p—
[ Create a new Hardware Project.
Wizards: Project name: | HDMIpfm
| type filter text
[ Use default location
5 (= General
y B CiCH+ Location: | CG\Projects\HDMIpfm\HDMIpfrm\HDMIpfm.sdkK\HDM|pfm Browse...
> Blava Choose file sypstern: | default
> [ Tracing
w = Xiling

Target Hardware Specification

@ Application Project Provide the path to the hardware specification file experted from Vivado,

m Board Support Package This file usually resides in SDK/SDK_Export/hw folder relative to the Vivado project location.
{7 Hardware Platform Specification The specification file and asseciated bitstream content will be copied into the workspace.
(&) SDSoC Project
A 5PM Project

Ci\Projects\HDMIpfm\HDMIpfm\HDMIpfm.sdk\design_1_wrapper.hdf ! Browse.,

@ |  <Back || Nexts i Cancel |

® < Back Mext = Finish | Cancel I

Figure 73 — New HW Platform Specification project

Create a new Board Support Package, using the previous Hardware Platform
Specification project.

MNew Project [m} *® New Board Support Package Project m} x
Select a wizard — Xilinx Board Support Package Project

[ Create a Board Support Package. ||
Wizards:

Project name: | standalone_bsp_0 |

;-t:JpEfﬂtEltExt

Use default location

» (= General
y B C/C++ Location: | GAProjects\HDMIpfm\HDMIpfm\HDMIpfm.sdkistandalone_bsp 0 Browse...
> L-, JTEVE- Choose witerr; | default
> = lracing
s Kiline Target Hardware
@ Application Project ; 1 1
M), Board Suppart Package Hardware Platform: HDMIpfm =) NEW |
ﬁ Hardware Platform Specification cPU: ps7_cortexad 0 |
SDSoC Project e
3 5PM Project Carmpiler 32-hit
Board Support Package 05
|Standalone is a simple, low-level software layer. It provides access to basic processor
freertos823_xilinx Features such as caches, interrupts and exceptions as well as the basic features of a

ihosﬁed environment, such as standard input and output, profiling, abort and exit.

@ Back [ Nee> ][ Feen [ concel

® [ R |

Figure 74 — BSP Project

Select the library “xilffs”, accept, and then build the BSP project.

Create a FSBL project, using the same Hardware Platform and BSP made beforehand.
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Wizards:

Create 2 managed make application project.

{8 New Project O X {5 NewProject O X [ NewProject o %
Select a wizard —p Application Project

Templates

application project

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

=

type filter text

Project name: | fsbl

| Amisble Templates

Dhrystone [First Stage Bootloader (FSEL) for Zyng.
N AT et Empty Application The FSBL configures the FPGA with HW
Hello World bt stream (if it exists) and loads the
5 Ci\Projects\HDMIpfm\ HOMIpfm\HDMipfm.sckifsb Browse... wiP Echo Server Operating System (0S) Image or
& Java Memory Tests Standalone (SA) Image or 2nd Stage Boot
> B T Choose file o defanlt OpenAMP echo-test Loader image from the non-volztile
= OpenAMP matrix multiplication Demo memory (NAND/NOR/GSPI) to RAM
b L o OpenAMP RPC Demo (DDR) and starts executing it. It supports
) Application Project 08 Platforrr: [standatone = Peripheral Tests |multiple partitions, and each partition
il Board Support Package RSA Authentication App can be s code image or a bt stream.
73 Hardware Platform Specification Terget Hatchaie Zynq DRAM tests
(5} SDSoC Project v . g
[ M Project Hardware Platform: | HDMIpfm | | New.
Processor: ps7_cortexad 0 v
Target Software
Language: ®C OC++
@ < Back Nedt > Firieh Cancel il SR
Board Support Package: () Create New  fsbi bsp
(® Use existing  standalone_bsp_0 v
@ <Back Neg » Cancel @ [ <Back Net > | Cance
Figure 75 — FSBL Project
Build the FSBL project, and create a Hello World project, following the same steps.
New Project O X | B Mew Project 0 X New Project O X
Select a wizard — Application Project - Templates P
Create a managed make application project | Create one of the available templates to generate & fully-functioning
- application project.
: Available Templates:
s Project name: | Helloworid | [ :
type filter text Dhrystone Let's say 'Hello Werld' in C.
- Empty Application
> & Genenl Use default location Pl
> B C/Cer Lacation) | C\Projects\HDMIpm\HDMIpfm\HDMIpm sdi\Hellowarld | | Broise wlP Echo Server
& Javs Memory Tests
e torm |defaul OpenAMP echo-test
: XT,“”E OpenAMP mtrix multiplcation Demo
b L. OpenAMP RPC Demo
£ Applciton ol OS Platform: | standalone Peripheral Tests
I, Board Support Package RSA Authentication App
Zyng DRAM tests
i1 Hardware Platform Specification Tacict ke -ynq
(&) 5DS0C Project 9 . Zynq FSel
[ SPM Project Hardware Platform: | HDMipfm | | New...|
Processor: | ps7_cortexad 0 v
Target Software
Language: ®C OC+
@ < Back Next > Finish Cancel S
Board Support Package: O CreateNew  Hellowortd._bsp
@) Use existing | standalone_bsp 0 v
® <Back N> | [ Fmsn || Gonce ® < Back Next> Cancel
Figure 76 — Hello World Project

Now that all the projects are created and built, go to the .sdk folder and:

o Copy the folders “lib” and “include” from the “standalone_bsp_0"
project into “arm-xilinx-eabi” at “HDMI_Tutorial_platform”.

o Move “Iscript.ld” from the “Helloworld” project into “arm-xilinx-eabi” at
“HDMI_Tutorial_platform”.

o Move “fsbl.elf” from the “fsbl” project into “boot” at
“HDMI_Tutorial_platform”.

o Create a file called “generic.readme” in “boot”, and write this code in it:
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-= SD card boot image =-

Platform: <platform>
Application: <elf>

1. Copy the contents of this directory to an SD card.

2. Insert SD card and turn board on.

3. If you are booting Linux, login with username "root" and password
"root".

o Create a file called “standalone.bif” in “boot”, and write this code in it:

/* standalone */

the ROM image:

{

[bootloader]<boot/fsbl.elf>

<bitstream>

<elf>

[load = 0x38000000]<Vivado/EMC2 with logo.rgba>
}

As it’s shown, the .rgba picture will be merged with the fsbl.elf file, and the
application into the BOOT.bin file for the SD card.
e CREATE THE PLATFORM HARDWARE AND SOFTWARE DESCRIPTION FILES

The platform hardware description file is generated by Vivado, the platform software
description file must be written by the user.

To generate the hardware description file, in the TCL console in Vivado, write the
following commands:

source -notrace C:/Xilinx/SDSoC/2016.2/scripts/vivado/sdsoc_pfm.tcl
set pfm [sdsoc::create pfm HDMIpfm hw.pfm]
sdsoc::pfm name $pfm "sundance.com" "xd" "HDMIpfm" "1.0"
sdsoc::pfm description $pfm "HDMI test using EMC2 z7030"
sdsoc::pfm clock $pfm FCLK CLKO processing system7 0 0 true rst processing system7 0 100M
sdsoc::pfm clock $pfm FCLK CLKl processing system7 0 1 false proc sys reset 0
sdsoc::pfm axi port S$pfm M AXI GPO processing system7 0 M AXI GP
sdsoc::pfm axi port S$pfm M AXI GPl processing system7 0 M AXI GP
sdsoc::pfm axi port $pfm S AXI ACP processing system7 0 S AXI ACP
sdsoc::pfm axi port $pfm S AXI HPO processing system7 0 S AXI HP
sdsoc::pfm axi port S$pfm S AXI HP1l processing system7 0 S AXI HP
sdsoc::pfm axi port S$pfm S AXI HP2 processing system7 0 S AXI HP
sdsoc::pfm axi port S$pfm S AXI HP3 processing system7 0 S AXI HP
for {set i 0} {$i < 16} {incr i} {

sdsoc::pfm irg $pfm In$i xlconcat 0
}

sdsoc::generate_hw pfm Spfm

Change the SDSoC installation path if necessary, as well as the name of the platform
or the platform hardware description file’s name in case is different.

Type “pwd” in the TCL console to see where the file has been generated. Copy it into
the platform folder (“HDMIpfm”).

Create the “HDMIpfm_sw.pfm” file if you didn’t before, and write in it:

<?xml version="1.0" encoding="UTF-8"?>
<xd:repository xd:vendor="sundance.com" xd:library="xd" xd:name="HDMIpfm " xd:version="1.0"
xmlns:xd="http://www.xilinx.com/xd" >

<xd:description>EMC2 HDMI Test Platform</xd:description>

<xd:libraryFiles
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xd:os="standalone"

xd:includeDir="arm-xilinx-eabi/include"
xd:1libDir="arm-xilinx-eabi/lib"
xd:ldscript="arm-xilinx-eabi/lscript.1ld"

/>

<xd:bootFiles
xd:os="standalone"

xd:bif="boot/standalone.bif"
xd:readme="boot/generic.readme"

/>

</xd:repository>

e SAMPLES AND PREBUILT HARDWARE

Create a folder called “test_hdmi” and a file called “template.xml” in “Samples”.

I 4 v | samples
Home Share View
- v N > ThisPC > Local Disk (C:) > SDSoC_Tutorial > Platforms > HDMIipfm > samples
SDSoC_Tutorial A [ Name . Daf
Platforms M test_hdmi 10/
HDMIpfm ] templatexml 10/

arm-xilinx-eabi
boot

hardware
samples

Vivado

Workspaces

Figure 77 —Samples folder

Copy the samples in the folder “test_hdmi”, and write this code into “template.xml”:

<?xml version="1.0" encoding="UTF-8"?>

<manifest:Manifest xmi:version="2.0" xmlns:xmi="http://www.omg.org/XMI"

xmlns:manifest="http://www.xilinx.com/manifest">

<template location="test hdmi" name="Test HDMI"
description="Test the HDMI output">

<supports>
<and>
<or>

<os name="Standalone"/>

</or>
</and>
</supports>
</template>
</manifest:Manifest>
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I M 5 | test_hdmi
Home Share View

€ - v
v SDSoC_Tutorial

v Platforms

v HDMIpfm

boot
hardware
v samples
test_hdmi
> Vivado
v Workspaces

HDMiws

> arm-xilinx-eabi

« SDSoC_Tutorial > Platforms > HDMIpfm > samples > test_hdmi

[0 Name

~

[ adv7511.c
[ ] adv7511.cc
[ adv7511.h
J main.c
L] tpg.c

| ] tpg.cc

L] tpgh

| ] vdma.c
J vdma.h
J vtc.cc

J vtc.h

Figure 78 — Copy all the samples into the folder

The last step is to create the pre-built hardware files. To do it, open SDSoC 16.2.
Select the folder “HDMIws” created at the beginning of this tutorial as workspace.

m Workspace Launcher

Select a workspace

Xilinx SDSoC stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

X

Workspace: | C:\SDSoC_Tutorial\Workspaces\HDMIlws

VH Browse... I

[[] Use this as the default and do not ask again

oK Cancel

Figure 79 — Select workspace

File -> New -> SDSoC Project. Put any name (“HDMI_Test” in this example), and select

“Other” Platform, choosing the path where the platform has been created.

Choose “standalone”.

Next -> Test HDMI (Selecting the samples) -> Finish
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EE Mew Project m} x New Project ]
SDSoC Project % Templates
Create 5DSoC project. Create one of the available templates to generate a fully-functioning 5D50C project.
_ Available Templates:
Project name: | HDMI_Test | = S
Em EE AE Elication Test the HDMI output
Uze default location
cation: | CASDSeC_Tutoral\Workspaces\HDMbws\HDM|_Test Browse...
file systerr |defanlt
Target
Platform CASDSoC_Tutonial\Platforms\HDM|pfm | [Other. |
Platform Summary EMC2 HDMI Test Platform
as Standalone e
@ < Btk Next > ererl @ < Back Next > [ cancel

Figure 80 — Choose platform, OS and Template

Select SDRelease as the active build configuration. It can be done:

o Right clic on “HDMI_Test”-> Build configurations -> Set active ->
SDRelease

o At the project overview -> Build configurations window -> Active
configuration

Then, build the project. It will take time, as SDSoC calls Vivado to write the bitstream.
(It took 18min in my case).

As soon as the project is built, create the folder “hardware” in “HDMIpfm” if you
didn’t before, and create a folder called “prebuilt” inside.

v = | hardware
Home Share

View

« © 4 | > ThisPC > Local Disk(C:) » SDSoC_Tutorial > Platforms > HDMipfm > hardware
v [ ] SDSoC_Tutorial A O Neme . Date
v [ Platforms B prebuilt 1071

v || HDMipfm

arm-xilinx-eabi

boot

hardware
prebuilt

samples

Vivado

v Workspaces
HDMiws

v

Figure 81 — Create a folder called “prebuilt”

Then, it’s necessary to move files into this folder to have a prebuit hardware available
in the SDSoC platform.

In this path:
C:\SDSoC_Tutorial\Workspaces\HDMIws\HDMI_Test\SDRelease\_sds\pO\ipi\HDMIpfm.runs\impl_1
Copy “bitstream.bit” into “prebuilt”.

O
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o Create a folder called “export” in “prebuilt”. In this path:
C:\SDSoC_Tutorial\Workspaces\HDMIws\HDMI_Test\SDRelease\_sds\pO\ipi\HDMIpfm.sdk

Copy “HDMIpfm.hdf” into “export”. (platformname.hdf)

o Create a folder called “hwcf” in “prebuilt”. In this path:
C:\SDSoC_Tutorial\Workspaces\HDMIws\HDMI_Test\SDRelease\_sds\.llvm

Copy “partitions.xml”, “apsys_0.xml” into “hwcf”.

o Create a folder called “swcf” in “prebuilt”. In this path:
C:\SDSoC_Tutorial\Workspaces\HDMIws\HDMI_Test\SDRelease\_sds\swstubs

Copy “devreg.c”, “devreg.h”, “portinfo.c”, “portinfo.h” into “swcf”.

To finish, modify the file “HDMIpfm_sw.pfm”, adding this hardware configuration:

<?xml version="1.0" encoding="UTF-8"?>

<xd:repository xd:vendor="sundance.com" xd:library="xd" xd:name="HDMIpfm " xd:version="1.0"

xmlns:xd="http://www.xilinx.com/xd" >

<xd:description>EMC2 HDMI Test Platform</xd:description>

<xd:libraryFiles
xd:os="standalone"

xd:includeDir="arm-xilinx-eabi/include"

xd:1libDir="arm-xilinx-eabi/lib"

xd:ldscript="arm-xilinx-eabi/lscript.1ld"

/>

<xd:bootFiles
xd:os="standalone"
xd:bif="boot/standalone.bif"
xd:readme="boot/generic.readme"

/>

<xd:hardware
xd:system="prebuilt"

xd:bitstream="hardware/prebuilt/bitstream.bit"

xd:export="hardware/prebuilt/export"
xd:swcf="hardware/prebuilt/swcEf"
xd:hwcf="hardware/prebuilt/hwcf"

/>

</xd:repository>

The folder should look like this at the end:

) = | prebuilt
Home Share View

« v 4
v SDSoC_Tutorial
v Platforms
v HDMIpfm
arm-xilinx-eabi
boot
v hardware
v prebuilt
export
hwef
swcf
samples
Vivado

v Workspaces

A [ Name
export
hwcf
swcf

|| bitstream.bit

~

> ThisPC > Local Disk (C:) > SDSoC_Tutorial > Platforms > HDMIpfm > hardware > prebuilt

Date modified

Figure 82 — Prebuilt folder

Close SDSoC. Delete all the contents in the folder “HDMIws” (the workspace). Open
SDSoC, selecting the same workspace, and create a new “HDMI_Test” SDSoC project,
selecting the corresponding platform, OS and template (Figure 80).
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Select SDRelease as build configuration, and build the project. This time, SDSoC will
use the prebuilt hardware, and the user will see the building time reduced.

(It took 41 seconds in my case).

Now there should be a folder called “sd_card”, where the user can take the BOOT.bin
file to copy it into a SD card, and test the project.

|§E SDSoC - HDMI_Test/project.sdsoc - Xilinx SDSoC
File Edit Navigate Search Project Run XilinxTools Window Help

= ‘&:"Q'm *}'0'

L5 Project Explorer &2 == ‘ Y Y =0
v (25 HDMI_Test
1’;’ Binaries
B Archives
)Y Includes
v (= SDRelease

& _sds

v (= sd_card
%5 HDMI_Test.elf - [arm/le]
- BOOT.BIN
5| EMC2_with_logo.rgba.bin
HDMI_Test.elf.bin
|5] README.txt

& src

f; HDMI_Test.elf - [arm/le]

|Z] HDMI_Test.elf.bit

® makefile

® objects.mk

® sources.mk
= src
¢ project.sdsoc

Figure 83 — BOOT.bin file

3.7.2 From version 2016.3 and above

The platform created in this tutorial is based on the HDMI in to HDMI out project It
has been made for SDSoC 17.1, using the EMC? with a TEO820 module.

The steps explained in order to create this platform can be used for any other
platforms, changing the paths and names specified. For more detailed information
about platforms and libraries, check this document out.

This platform has been made for a standalone application. FreeRTOS and Linux

will be added in the future.
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Prepare the hardware platform

In a temporary folder create your vivado project under platform_name->hw->vivado

¢ NewProject X

Project Name
Enter a name for your project and specify a directory where the project data files will be stored. ‘

Projectname: | emc2_hdmii_hdmio_ultra| I

Project location:  C/SDSoC/Platforms_bduild/emc2_hdmii_hdmio_ultramwiivado

Create project subdirectory

Project will be created at: C/SDSoC/Platforms_build/emc2_hdmii_hdmio_ultrahwhMivado

7\ 1

Figure 84 — Create a new Vivado project

Once the Vivado design is build and the bitstream has been generated successfully,
prepare the tcl file needed for the platform hardware description file.

The tcl file should look like that:

source -notrace c:/Xilinx/SDx/2017.2/scripts/vivado/sdsoc_pfm.tcl

set pfm [sdsoc::create pfm emc2 hdmii_hdmio_ultra.hpfm]

sdsoc: :pfm name $pfm "sundance.com" "xd" "emc2 hdmii hdmio ultra" "1.0"
sdsoc: :pfm description $pfm "emc2 hdmii to hdmio for the TE0820"
sdsoc::pfm clock $pfm pl clk0 zyng ultra ps e 0 0 true proc_sys reset
sdsoc::pfm clock $pfm pl clkl zyng ultra ps e 0 1 false rst processing system?7 0 142M
sdsoc::pfm_axi port $pfm M AXI HPM1 FPD zyng ultra ps e 0 M AXI GP
sdsoc::pfm _axi port $pfm M AXI HPMO LPD zyng ultra ps e 0 M AXI GP
sdsoc::pfm _axi port $pfm S AXI HPCO FPD zyng ultra ps e 0 S AXI HPC
sdsoc::pfm_axi port $pfm S AXI HPCl FPD zyng ultra ps e 0 S _AXI HPC
sdsoc::pfm_axi port $pfm S AXI HP1 FPD zyng ultra ps e 0 S _AXI HP
sdsoc::pfm axi port $pfm S AXI HP2 FPD zyng ultra ps e 0 S AXI HP
sdsoc::pfm axi port $pfm S AXI HP3 FPD zyng ultra ps e 0 S AXI HP

for {set i 5} {$i < 8} {incr i} {

sdsoc::pfm irg Spfm In$i xlconcat 0

}

sdsoc: :generate hw pfm S$pfm

File->Export->Export Hardware...
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¢ emc2_hdmii_hdmio_ultra - [C:/SDSoC/Platforms_build/emc2_hdmii_hdmio_ultra/l
Eile Edit Flow Tools Window Layout View Help Q-
[ 3
New Project... ’, B o X
Open Project... OCK DESIGN - design_1
Open Recent Project > |
Sources  Design X Signals|
Open Example Project. |
] -
| =
Save ProjectAs... | Q A
Write Project Tl & design_1
>
Archive Project. External Interfaces
s > Interface Connections
I
Close Project [> Ports
> Nets
Close Block Design > @ axi_mem_intercon
1> (AX1 Video Dired
Open Checkpoint.. ¥ ad_vdma_0 i
> [@ fmc_imageon_hdmii_yuv42}
> @ ftmc_imageon_hdmio_yuv42
> FF fme_imageon_iic_0 (x| IIC
New IP Location > T proc_sys_reset (Processor
Qpen IP Location.. > [@ processing_system7_0_axi)
> 4 rst_processing_system7_0
1> % util_ds_buf_0 (Utility Buffer 3
Newi File. > $F utii_ds_buf_1 (Utility Buffer 3
Open File =0 |> £ xiconcat_0 (Concat:2.1
Open Recent Eile » k) T ama ulra ne & N /7unn i
Open IP-XACT File... l
"Propemos
Add Soyrces...
Open Source File...
Export » Export Hardware
Launch SDK Export Block Design...
| k1
Open Log File
Open Journal File Export Simulation...

Figure 85 — Export hardware

Prepare the software platform

Then File->Launch SDK

The Xilinx SDx environment should open and the design hardware platform should be
automatically generated.

Go to File->new->Application Project and create a HelloWorld project.
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#~ New Project u] X I
Application Project ]
Create 3 managed make application project. .&

Project name: I helloworld| ]

Use default location

ocation: | CASDSoC\Platforms_build\emc2_hdmii_hdmio\hw\vivado\e Browse...

Choose file system: [default v
OS Platform: ' standalone W
Target Hardware
Hardware Platform: | design_1_wrapper_hw_platform_0 v New..|
Processor: ps7_cortexad 0 v ]
Target Software
Language: @C OCes ||
Compiler 32-bit v
Hyperasor Guest N/A 2

Board Support Package: ® Create New | helloworld_bsp

O Use existing  fsbl_bsp v

©) <Back Not> | [ _Finsh || Cancel

Figure 86 — Create a new SDSoC project

<* New Project a X

[Templates ) g
Create one of the available templates to generate a fully-functioning

application project.

Available Templates:

Dhrystone ‘ Let's say ‘Hello World" in C.
Em lication

P Echo Server

Memory Tests

OpenAMP echo-test

OpenAMP matrix multiplication Demo
OpenAMP RPC Demo

Peripheral Tests

RSA Authentication App

Zynq DRAM tests

Zynq FSBL

@) <Back Nets | [Finsh ]| Concel

H vauaahns SDAcce:l LlCEﬂSe_.. .

Figure 87 — Select a template in SDSoC
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Then compile your project.
Now create and compile a Zynq FSBL project the same way as above.

In the temporary folder, under the folder platform_name create the folders
sw->standalone->boot

Then copy the folders
Platform_name->hw->vivado->platform_name.sdk->hello_bsp->psu_cortexa53_0->include
Platform_name->hw->vivado->platform_name.sdk->hello_bsp->psu_cortexa53_0->lib

To the folder
Platform_name->sw->standalone

You should have the following folder hierarchy:

v emc2_hdmii_hdmio_ultra

v hwe
vivado
v Sw
v standalone

boot
include

lib

In the folder standalone copy the file
Platform_name->hw->vivado->platform_name.sdk->hello->src->Iscript.ld

In the folder boot copy:
e fsbl.elf: it should be in the folder
Platform_name->hw->vivado->platform_name.sdk->fsbl->Debug
e generic.readme: a readme file
e standalone.bif:

/* standalone */
the ROM image:
{
[bootloader]<standalone/boot/fsbl.elf>
<bitstream>
<elf>
[load = 0x38000000]<standalone/boot/sundance logo.yuv>
}

Now you can use the GUI to generate automatically your platform.
Open the SDx Terminal 2017.1 and type sdspfm -gui to start the SDSoC platform
Utility.

Fill each field and press the button Generate.
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|£) SDSoC Platform Utility - emc2_hdmii_hdmio_ultrasaml - (m] X
File Export
Platform Name |ernc2_ndmii_hdmio_ultra
Output Directory [ClSDSOCIplaﬂOImS =
Vivado Project \'Tm_humlq_ultra\thlvado\emc2_w_hdmlo_ultra I e |
Platform Tcl iv?",—’]df!‘@—?’l"ﬂ”’!"@do}ef!‘C,Q?h",’[",',—,h"l"lq,—!"'ﬁ—!’l'!‘ tel] .. |
Samples Directory | -
Processor Information -

453 0
l ‘ Type ARM Cortex-A53 | v

[Caaa_|_oees ]

Boot Information

. ao?‘;ﬂmﬁgnofe,s ) 0S Type |Standalone v

Com‘io ) conngﬂ
Connig Name | Standalone Config 0

BIF File [indalonelboofistandalone.biff ..

Readme File |dalonelboofigenericreadme) ..

{ |
Boot Directory )nio_ullra\sx-/\slandalone\bool‘ - J

Add | Delete | Linker Script ’ullra\sW\slandalonellscriptId - J

Include Paths | Libraries |

Libraries :
C:\SDSoCPlatforms_buildemc2 | Library Path J—
C:SDSoCWlatforms_buildiemc2_h I\dmlo_uIlra\sw\standalone\hblhbxnl.a\ - 1

C2SDS0CPlatforms_buildemc2_h
C:SDS0CPlatforms_buildemc2_h

| Add | oelete |

Generate

’ sdspfm complete X

p,
« ,,,x'r’ Platform generated successfuliyt

[lox ]

2 T
Figure 88 — SDSoC platform Utility

e Sr—p———

4 Demos

4.1 How to run the application directly from built files?

The EMC2-DP can boot from SD card so the application code would run at power up.
To do so copy the boot.bin file provided by Sundance to a SD card.

The SD card needs to be formatted in FAT32 and the partition made bootable. The SD
card should be at least 4Gb.

Make sure the EMC?2 is configured for SD boot as explained in section 2.4.

The boot.bin file on the SD card contains the bitstream to configure the FPGA, the
FSBL and the software application.

WARNING: If the application targets the TE7030 or the TE0820 module, the J7 and J8
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should be set to select a 1.8V voltage (2.2).

4.2 How to build the application in SDSoC?

In SDSoC, go to File->New->Xilinx SDx Project ...

Cti+N

<~ workspace - SDx - Xilinx SDx
File Edit Nawgate Search Project Run  Xilink Window Help
New Alt+Shift+N > -~ Xilinx SDx Project...
Open File... & Application Project
() Open Projects from File System... ™9 Project..
Close Cul+W ™ Example...
Close All Ctrl +Shift+W ™ Other..
Save Ctri«S he: s .
Save As...
e " SDSoC
Save All Ctrl +Shift+S
emc? cameralink
Revert
ClCes

Enter your project name

Select the appropriate platform (emc2_hdmii_hdmio, HDMIpfm, emc2_cl_plat).

Figure 89 — Create a new SDSoC project

< New Project u] X

Create a New SDx Project

Enter a name for your SDx project and specify 3 location where the 4
project files will be stored.

Project name: | emc2_app| ]

Use default location

ocation: | CASDSoC\workspace\emc2_app Browse...
se file systern: [default
@ < Back Finish Cancel

Figure 90 — Create a new SDSoC project (2)

<+~ New Project o
Choose Hardware Platform
The platform defines the hardware that will execute your application. »
Platforms (13)  Filter
Find: | 2
Name Version Board Family
& emc2_cameralink (custom) 1.0 emc2_cameralink ng
& emc2_cl (custom) 1.0 emc2_¢l zynq
5 emc2_hdmii_hdmio (custom) 1.0 emc2_hdmii_hdmio zynqg
< - i s I P pem—) re—
Add Custorer Platfuren.., || Marniaye Rep Add Devices/Plalf
Description
emc2 hdmii to hdmio for the zynq 7030
Repository: C:/SDSoC/platf 2_hdmii_hdmio
® prn Fiih Conce

~

v

EMC?-DP

Figure 91 — Select the hardware platform
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Then in the window Template, select the application you want to build for example
HDMI in to HDMI out Demo and press Finish.

“~ New Project a X
Templates &
Select a template to create a new SDx project. »
Awvailable Templates:
Empty Application HDMI in to HDMI out Demo
HOMI in to HDMI out Demo ) )
HDMI in to HDMI out with Sobel
filter
‘:?) < Back Next > Cancel

Figure 92 — Select a template in SDSoC

Right click on your project (emc2_app) and select Build Project

S Y T« sDx Project Settings

v 5 emc2_an
) Inc New >

@ src Go Into

% pre
5 emc2_
G
4 eme2_ 3K Delete Delete
& hell
D: ele Source >
> sdsoc_ =

Open in New Window

emc2 hdmi

sion: Standalone C

Import.. 00
ad

o Standalone O
Build Project

Clean Project ns

Refresh FS
Close Project sck Frequency (MH;

Close Unrelated Projects

Figure 93 — Build a project in SDSoC

Once your project is built, copy the files from the folder
<your_project>/Release/sd_card to your SD card. Insert your SD card in you EMC2 and
reset it. The processed input video will be displayed on the output HDMI.

4.3 How to accelerate the software into hardware?

Xilinx SDSoC environment enables identified functions to be compiled to HW
accelerator blocks together with DMA data movers and merged with the user defined
platform in the programmable logic (PL) part of the Zynq device. This helps to offload
critical parts of computation to the PL part of the device.

The edge detection code shows an example of the advantages of such hardware
acceleration. Its code is written in simple C language but it is selected in SDSoC
project options for hardware acceleration.

How to select a function to accelerate in hardware:

In SDSoC, go to Project Explorer, under your project name, select the folder src then
go to the file where the function to accelerate is. Right click the function (for example,
sobel_filter_acc), and select Toggle HW/SW. The function to be accelerated will appear
in the project file (projects.sdx) under the Hardware Functions section.
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= B-R{R-Bi-0- RiviEDly

(5 Project Explorer £2 S0l Y T T 0 Kemcapp 2
) frame_size.h A " .
4 - K SDx Project Settings Active build confi
B image_cores.h
[ image_demo.h 5 oo
[ img_filters.c Seneral ptions
B img_filters.h Project name: emc2 app Data motion network clock frequency (MHz): 50.00
AR ToaiC Project type: $DSoC Generate emulation mode! [TREN
[N osh Debug
v L sobel filter.cpp Platform: emc2 hdmii hdmio | - 7] Generate bitstream

U frame_size.h P— C/Cas M Generste SO card image

4 image_coresh I 1 perf

B imags demah Systern configuration: Standalone Config 0 | - Dllrisere A gertomarce moritor

o ld'gh_ : [JEnzble event tracing

XV'IrDISHwT CPU: 9.0 [JEstimate performance
# BYTE os: Standalone 03

# YUV BLACK VAL Root function:  main
# YUV_WHITE_ VAL
o sobel filter(unsigned short®, unsigned short?, unsigned) : void
© sobel filter_acc(unsi=-4 - --4# - inned ot AR
o sobeloperatortwiN Open ame Clock Frequency (MHz)  Path
Lh) vectors.h Open Call Hierarchy Ctri+Alt+H sobel filter_acc 50.00 sre/sobel filter.cpp
1€ video_detector.c
(B video_detectorh

Hardware Functions

S

Refactor >

1) video_frame_buffer.c Declarstions >
[ video_frame_buffer.h
1¢] video_generator.c

{n) video_generator.h &’ Toggle Breakpoint

References >

[9) video_resolution.c

[ video_resolution.h Toggle HW/SW
< Vivado HLS >
© Comsole 31 g Advanced compiler settings

COT Build Console [emc2_app]

Figure 94 — Select function for hardware acceleration

While building the project, this function is processed by High Level Synthesis tools to
be mapped to hardware. This gives far better performance than software only
implementation.

4.4 Description
4.4.1 HDMI output application

The demonstration runs on a stand-alone EMC? Development Platform. The purpose of
this demo is to use the HDMI feature on the SEIC extension board.

At power up, the FSBL loads an image from the boot.bin partition to a defined address
in the DDR. The FSBL also configures the IPs at boot time.

The design then reads this image and send it to the on-board HDMI output where it is
displayed as a splash screen on the monitor.

For more details go to 3.5

4.4.2 HDMI input to HDMI output application

The demonstration runs on a stand-alone EMC? Development Platform PCle/104
OneBank™ featuring a Zynq 7030 SoC with dual ARM9 CPU and a re-configurable FPGA
Logic.

The dual ARM processor cores have direct access to the DDR3 memory that provides
1GByte of storage.

The purpose of this demo is to allow real-life data, in this case a video-stream from a
HDMI Output device to be loaded into the Zyng’s DDR memory, processed and then
displayed again on a second HDMI-Input device (typically a monitor).

In this demonstration, a VITA57.1 FMC® compatible Daughter Card is plugged to the
EMC2-DP to provide HDMI input/output capabilities. Also, a Sobel filter is implemented
to process the video data coming from an HDMI camera.

This demo shows how most computing intensive tasks are implemented, where
possible, in hardware, both using standard or custom IP cores and by using High Level
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Synthesis tools.

Hardware

The demo is based on a costumed designed platform developed in Vivado 2017.1.
The resolution of the input and output video data is set at 1280x720 with a 65MHz
frequency rate.

For the video input and video output we used respectively HDMI input IP and HDMI
output IP that already existed. The HDMI input component (ADV7611) and the HDMI
output component (ADV7511) are configured by software at start up.

A UART interface is used to configure different part of the system (HDMI, VDMA,
VTQ).

The Xilinx® LogiCORE™ IP AXI VDMA core provides the high-bandwidth direct
memory access between the DDR memory and the HDMI peripherals.

This is a simplified view of the hardware design using Vivado 2017.1

I

+ =0 Ax

XIX|

B s e [

UltraSCALE*

Figure 95 — Demo HDMI in to HDMI out Vivado project

Software
Our demo is a bare-metal application executed on the ARM Cortex A9 processor. The
project was developed with SDSoC2017.1 from Xilinx.

In our software the edge detection code is accelerated in hardware to improve
performances.

The edge detection algorithm is producing a black and white video stream. Edges in
each frame are marked as white and the remaining part of the figure is set as black.
The edges are detected by a Sobel filter. Each pixel is filtered by a 3x3 2D FIR filter. A
nonlinear decision on the output of the filter provides information as to if the pixel is
part of an edge or not. All computation is performed in fixed point. The Sobel filter is
applied on the left half of each video frame for display purposes.

When the filter is accelerated, the main purpose of the software code is to control the
advancement of VDMA frame pointers. Indeed, a triple buffer is used in order to
display the newly computed frame a soon as the Sobel filtering is finished while, at
the same time, processing the following input frame.

The output display is vertically split in half. The right side displays the video before
being processed while the left side displays the video processed with a Sobel filter.

The software has been developed to highlight the benefit of hardware acceleration. In
that respect, the output video display switches between the data processing done in
software then done in hardware. The changes occur about every 15 seconds and

highlights the greater performances achieved once the software is accelerated. In our
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case, the FPS is closed to 100 times faster:
e 0.45 fps (software)
e 42 fps (hardware accelerated)

4.4.3 Camera Link application

This demo project is based on a stand-alone EMC? Development Platform PCle/104
OneBank™ board featuring a Zynq 7015 SoC.

The board connects to an FMC-CAMERALINK daughter board in order to grab frames
from a Cameralink compatible camera. Such frames are stored into DDR memory,
processed in some way (in our demo, by a Sobel filter) and then output to an HDMI
compatible screen.

This demo shows how most of the computing intensive tasks are implemented, where
possible, in hardware, both using standard or custom IP cores and by using High Level
Synthesis tools.

In our demo the input signal comes from a Sentech STC-CLC83A camera, which has a
resolution of 1024x768, 30 fps, 8 bits per pixel, Bayer color scheme, BASE only
configuration. The output video signal goes to the HDMI out chip ADV7511 which is
available on the Sundance’s SEIC extension board.. The output settings fit XGA
standard: 1024x768, 60 fps, RGB.

This demo contains a custom IP core that interface with the CameralLink camera.

For more details about this demo please refer to:
https://hackaday.io/project/27372-cameralink-on-the-zyng-based-tulipp-platform
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