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Overview: TE0720 GigaZee Zyng SoM

N O OO N -
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Figure 1: TEQ720 GigaZee Zynq SoM (REV 01).

Features

1. 1.5A, 4MHz PowerSoC DC-DC Step-Down Converter with Integrated Inductor (Enpirion EP53F8QI)
for 1.8V Power Supply

2. System Controller CPLD (Lattice LCMX02-1200HC): 1,200 Macrocell CPLD with Block RAM, Flash

and PLL

User LED 1 (Green)

User LED 2 (Red)

32 Mbyte Quad SPI Flash memory (Winbond W25Q256FV)

MEMS sensor (ST Microelectronics LSM303DLMTR): 3-axis accelerometer and 3-axis magnetometer

Real Time Clock with Embedded Crystal (Intersil ISL12020M): £5ppm Accuracy

1Gbyte = 2x 256Mbitx16 (32-bit wide) DDR3 Memory (Memphis MEM4G16D3EABG-125I)

e-MMC NAND Flash (Micron MTFC4AGMVEA-4M, may also be different manufacturer due to

availability) usually 4 GByte, depends on assembly option

10. Xilinx Zyng-7000 System-on-Module (Xilinx XC7Z020) - Processing System: Dual ARM Cortex-A9,
unified 512Kbyte L2 Cache, 256Kbyte on-chip Memory, 54 Multiplexed I/O Pins (MIOs);
Programmable Logic: Artix-7 FPGA, 85K Logic Cells, 560 Kbyte extensible Block RAM (140x 36 Kbit
BRAM Blocks), 220 programmable DSP Slices, Dual 12bit 1Msps Analog-to-Digital Converter, 200
I/0 Pins (SelectlO Interfaces)

11. User LED 3/ FPGA Done (Green)

© © N oW
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12. 4A High-Efficiency Power SoC DC-DC Step-Down Converter with Integrated Inductor (Enpirion
EN6347) for 1.0V Power Supply

13. 1.5A, 4MHz PowerSoC DC-DC Step-Down Converter with Integrated Inductor (Enpirion EP53F80QI)
for 1.5V Power Supply

14. Trenz 4x5 Module Socket Connector (3x Samtec LSHM Series Connectors)

15. Gigabit Ethernet Transceiver PHY (Marvell 88E1512)

16. Highly Integrated Full Featured Hi-Speed USB 2.0 ULPI Transceiver (Microchip USB3320C-EZK)

Document Change History

date revision authors description
2014-02-10 0.2 Sven-Ole Voigt Work in progress
2013-04-17 0.1 Antti Lukats, Thorsten Trenz Initial release

All Antti Lukats, Thorsten Trenz, Sven-Ole Voigt
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Overview

Trenz Electronic GigaZee XC7Z series are industrial-grade SoMs (system on modules) integrating a
leading-edge Xilinx Zyng-7000 SoC, gigabit Ethernet transceiver, 32-bit-wide 1 gigabyte DDR3 SDRAM, 32
megabyte SPI Flash memory for configuration and operation, eMMC, and powerful switch-mode power
supplies for all on-board voltages. A large number of configurable 1/Os is provided via robust board-to-board
(B2B) connectors. All this on a tiny footprint smaller than half a credit card, at the most competitive price.
Development boards are available in our online shop; reference designs are available in our open design
repositories.

Sample Applications

® Cryptographic hardware module

® Digital signal processing
Embedded industrial OEM platform
Embedded system design

® Emulation platforms

FPGA graphics

FPGA video processing

® Image processing

IP (intellectual property) cores
Parallel processing

® Rapid prototyping

® Reconfigurable computing

® System-on-Chip (SoC) development

RILIME

=y
ZYNQ..

Key Features

® |ndustrial-grade Xilinx Zyng-7000 SoM (system on module)
® Rugged for shock and high vibration

Copyright © 2014 Trenz Electronic GmbH Page 9 of 202 http://lwww.trenz-electronic.de
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®* ARM dual-core Cortex-A9 MPCore @ up to 800 MHz

® 10/100/1000 tri-speed gigabit Ethernet transceiver (PHY), SGMII accessible on a board-to-board
connector

® USB 2.0 high-speed ULPI transceiver

¢ 32-bit-wide 1 Gbyte DDR3 SDRAM

® 32 Mbyte SPI Flash memory supporting XiP

® 4 Gbyte e-MMC (up to 64 Ghyte)

® Plug-on module with 2 x 100-pin and 1 x 60-pin high-speed hermaphroditic strips

® 152 FPGA I/Os (75 LVDS pairs possible) and 14 MIOs available on board-to-board connectors

® 4.0AXx1.0V power rail

® 1.5Ax 1.5V power rail

® 1.5Ax 1.8V power rall

® System management and power sequencing

® eFUSE bit-stream encryption

® AES bit-stream encryption

® Valid MAC Address and 2 kilobit serial EEPROM

® SHA-256 authentication chip with unique serial number

® temperature compensated RTC (real-time clock)

* MEMS sensor (3-axis accelerometer and 3-axis magnetometer)

® 3user LEDs

® Evenly-spread supply pins for good signal integrity

® Other assembly options for cost or performance optimization available upon request

Copyright © 2014 Trenz Electronic GmbH Page 10 of 202 http://www.trenz-electronic.de
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Getting Started

Preloaded (Factory default) SPI Flash Image

The TE0720 module comes with the SPI Flash preloaded with a default bootloader, U-Boot and Linux are
setup to run automatically if SPI flash boot mode is selected (Red LED fast blinking after power up). U-Boot
is configured with a standard 3 second delay to allow the U-Boot interactive console to be used. The console
is connected to PS UARTO, mapped to MIO14 (UARTO_RX) and MIO15 (UARTO_TX), and has a baud rate
of 115200. The MIO14 and MIO15 signals are routed to the CPLD on the TEQ701 Carrier Board which, in
turn, connects these PS UARTO RX and TX signals to the onboard FTDI USB to Multipurpose UART/FIFO
IC (FTDI FT2232H). Hence, the console output view can be easily accomplished (e.g., in SDK "Terminal"
window or in HTerm) by attaching it to the corresponding virtual COM port (the COM port number may
differ):

@ Please consult TEO701 Carrier Board User Manual | Connecting FTDI USB-to-UART/FIFO
Interface for more details on the required VCOM configuration!

File Edit Source Refactor Navigate Search Run Project Xilinx Tools Window Help
£i v @ ~&R~6 @ravEdv@~ BrOrQ~ i w | s®im & % Debug [0
BE & &9y @ R R
& Pmblems(@.Taskst Cunsuleﬂj Pmpertles(@Terminal 163 . [ XMD CDnsDIe}%DEbug} N EER & - —F -
erial: (COM3, 115200, 8, 1, None, None - CONNECTED) - Encoding: (ISO—SBSQ—l)l 1. 2. #
U-Boot 2013.01-00003-gB8e60280-dirty (Jun 13 2013 - 01:51:50) -
12C: ready :'_
DRAM: 1 GiB l'-‘f
WARNING: Caches not enabled @®
i MMC 2 zyng_sdhci: @ I
I SF: Detected W25Q256 with page size 4 KiB, total 32 MiB I
***% Warning - bad CRC, using default envirconment B
In: serial
Out:  serial
Err: serial

Net:  Gem.e@@0booo
Hit any key to stop autoboot: @
Trenz-Electronic TE@720-01-2EF SC 0.02 4
Copying Linux from QSPI flash to RAM...
SF: Detected W25Q256 with page size 4 KiB, total 32 MiB
## Booting kernel from Legacy Image at 93000000 ...
Image Name: Linux-3.6.0-g8f74534-dirty
Image Type: ARM Linux Kernel Image (uncompressed)
Data Size: 2906848 Bytes = 2.8 MiB
Load Address: ©0008000
Entry Point: 00008000
Verifying Checksum ... OK
## Loading init Ramdisk from Legacy Image at 02000000 ...
Image Name:
Image Type:  ARM Linux RAMDisk Image (gzip compressed)
I Data Size: 5389995 Bytes = 5.1 MiB
Load Address: @0000000
Entry Point: ©0000800
Verifying Checksum ... OK
i Flattened Device Tree blob at 82260000
Booting using the fdt blob at 6x82a06@e00
I Loading Kernel Image ... OK
I 0K

Loading Ramdisk to 1faef@@®, end 1ffffe2b ... OK
‘ Loading Device Tree to 1faea®®®, end 1faeebb® ... OK

Starting kernel ...

[y s By

Figure 1: Booting Linux Kernel (by default from SPI Flash) - SDK "Terminal" window
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[ Disconnect I |Port COoM3 - E Baud 115200 =+ Datale vl sropl1 vl Pﬂ"iWINOﬂe vl |:|crs Flow contral | 1. H
a Show newline
|I Rx 4265 ‘Tx 0 Count 0 | E‘”I‘"EE‘HCR*LF vl characters
B g : - Newline every £ 2. Newline after ... ms 4]|#CTS DSR RI DCD|
: Ascil I:‘Hex |:|Dec |:|B|r| © | Save output B‘ Dclear at 0= i v 0= Autoscroll Dshuw eITOrS | o caive pause {G=off) 0= @ a

Received Data

1 5 10 15 20 25 30 25 40 45 50 515 &0 €5 70 75 80 85 20 95 100
U-Boot 2013.01-00003-gB8e60280-dirty (Jun 13 2013 - 01:51:50)

TRES ready

DRAM: 1 GiB

WARNING: Caches not enabled

MMC : zyng_sdhei: 0

SF: Detected W25Q256 with page size 4 RiB, total 32 MiB
“%% Warning - bad CRC, using default environment
En: serial

cut: serial

Exrr: serial

Net: Gem.e000b000

Hit any key to stop autoboot: 3 wew 2 wew 1 www 0

Trenz-Electronic TE0720-01-2ZEF 3C 0.02

Copving Linux frem QSPI flash to RAM. ..

SF: Detected W25Q256 with page size 4 KiB, total 32 MiB
$## Booting kernel from Legacy Image at 03000000 ...

Image Name: Linux-3.6.0-g8£f74534-dirty
Image Type: ARM Linux Kernel Image (uncompressed)
Data Size: 2906848 Bytes = 2.8 MiB

Load Address: 00008000
Entry Point: 00008000
Verifying Checksum ... OE
## Loading init Ramdisk from Legacy Image at 02000000 ...
Image Name:

Image Type: ARM Linux RAMDisk Image (gzip compressed)
Data Size: 5309985 Bytes = 5.1 MiB

Load Address: 00000000

Entry Point: 00000000

Verifying Checksum ... OR

## Flattened Device Tree blob at 02a00000
Booting using the £dt blob at 0x02a00000
Loading Kernel Image ... OK
OF
Loading Ramdisk to 1faef000, end 1£f£f£f£f62b ... OK
Loading Device Tree to 1faea000, end lfasebb0 ... OK

Starting kernel ...

n

Selection (-)

Input control
Input options

| Asci\ DHex |:|Dec |:|Bin | Send on enter ‘

Type [asc || ]

T data

i = 10 1= 20 25 30 o 40 45 50 S (] €5 70 75 80 85 so 95 100

History -/0/10 Connect to COM3 (b:115200 d:8 s:1 p:None)

Figure 2: Booting Linux Kernel (by default from SPI Flash) - Another (optional) console output, e.g., in

HTerm

After sucessfully starting the kernel on Xilinx Zyng, the following Linux prompt appears:
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@) C/C++ - Xilinx SDK E
File Edit Source Refactor Navigate Search Run Project Xilinx Tools Window Help
i @~/ ~a @S- Er&~ Hr0~ G~ W | 5 ¥ 6 T 35 Debug B G ~
nE & ®@F~ B 'ZIRARTTIR LI 4 -
[£l Problems |+ Tasks | & Console | = Properties | & Terminal 1 & . [ XMD Console| %5 Debug sF o EigRE| &~ rR®R 7 -
Serial: (COM3, 115200, 8, 1, None, None - CONNECTED) - Encoding: (IS0-8859-1) —
ALSA device list: =0
No soundcards found.

RAMDISK: gzip image found at block @ z_l
VFS: Mounted root (ext2 filesystem) on device 1:0. f
i||[devtmpfs: mounted @

|| [Freeing init memory: 156K

Starting rcS...

++ Mounting filesystem

mount: mounting /dev/mmcblk@pl on /mnt failed: Mo such file or directory
mount: mounting /dev/mmcblk® on /mnt failed: Invalid argument
++ Setting up mdev

++ Starting telnet daemon

++ Starting http daemon

++ Starting ftp daemon

++ Starting ssh daemon

rcS Complete

zyng> ]

[akd

Congratulations! You have been successfully booting up the preloaded SPI Flash image on the TE07020
GigaZee Zynq SoM.

*. The preloaded images provided are to demonstrate the board's capability. It is expected that the
customer will replace them with their own images.

Boot Procedure

FSBL (First Stage Bootloader)

The primary boot source for the TE0720 is the on-board SPI Flash. After power on the Zyng PS boot ROM
fetches the FSBL from the SPI Flash and executes it. Then the FSBL code takes over and initializes the
Zynqg PS peripherals as well as the DDR3 memory controller. Finally the FSBL proceeds to load the PS
object code or FPGA configuration data. Primary factory FSBL for the TE0720 only loads SSBL (Second
Stage Bootloader) from SPI Flash and executes it. This way it is possible to boot the O/S (Linux) with or
without configuring the FPGA Fabric. Boot configuration can select the order of the images to be loaded. It is
possible that the SSBL loads the FPGA only, loads the FPGA and then loads and executes application (O/S)
code, or loads the user application without configuring the FPGA fabric.

FPGA images and application code can reside in on-board SPI Flash, in on-board eMMC or on an external
SD card.

*. Note: an FSBL image can not be loaded from eMMC. FSBL is fetched from SPI Flash or from an
external SD card.

Copyright © 2014 Trenz Electronic GmbH Page 13 of 202 http://www.trenz-electronic.de
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. Note: Xilinx wizard generated FSBL does not properly initialize the SD card detect multiplexer
values. By default MIOO remains selected. If writing your own FSBL it is necessary to initialize it
properly. TEQ720 standard FSBL selects the EMIO63 pin for SD card detect and WP inputs (this
forces the card detect to succeed).

SDO_WP_CD_SEL = 0x003F003F;
SD1_WP_CD_SEL = 0x003F003F;

Pseudo code to initialize the CD and WP selection bit to point to EMIO63 (tied low if not connected in user
logic).

SSBL (Second Stage Bootloader)

Second stage bootloader is usually fetched from SPI flash. By default a customized U-Boot is used which is
responsible for loading the O/S. If U-Boot functionality is not needed then the user application could be
implemented as SSBL image.

Boot Modes

The Zyng-7000 generally supports several boot modes that can be selected by five boot mode pins
BOOT_MODE[4:0], where BOOT_MODE[4] / MIO[6] enables the PLLs. The other boot mode pins select the
boot source in the following way (see Xilinx Zyng-7000 AP SoC Technical Reference Manual, UG585 v1.6.1,
Table 6-2 on page 147):

BOOT MODE[0] BOOT MODE[2] BOOT MODE[1] BOOT MODE[3]

MIO[5] MIO[4] MIO[3] MIO[2]
Cascaded JTAG 0
Independent JTAG 1
JTAG 0 0 0 0
Quad-SPI 1 0 0
SD Card 1 1 0

Table 1: Zyng-7000 AP SoC Boot_Mode MIO Pins (Extract)

As it can be seen in Table 1 the only difference between Quad-SPI/ and SD Card boot mode is
BOOT_MODE[2] / MIO[4]. This is exactly the only signal which is controlled by the MODE output of the
TEO0701 on-board CPLD. The BOOT_MODE][0] / MIO[5] and BOOT_MODE[1] / MIOJ[3] input pins are
tightend correspondingly, e.g., on the TE0720 Zynq SoC Module to pull-up (i.e., SPI-DQ3/M3 = PS_MIO5 =
1) and pull-down (i.e., SPI_DQ1/M1 = PS_MIO3 = 0) resistors.

Copyright © 2014 Trenz Electronic GmbH Page 14 of 202 http://www.trenz-electronic.de
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. The TE0720 Zynq SoC Module on the TEO701 Carrier Boards supports two different boot modes:
QSPI and SD Card booting. For more information on configuring the boot mode please refer to "
TEO701 Carrier Board User Manual | Configuring Boot Mode".

QSPI Boot Mode

Xilinx Answer record AR47023

@ Currently writing to the SPI Flash is only possible from Vivado SDK starting from 2013.4 version.
Writing from Impact (any version) is not supported.

U-Boot functions can be used to update SPI Flash.

Xilinx Answer record AR57744 need to be followed, currently the system controller firmware does not
provide this safety function.

Update the SPI Flash from an SD Card

To update SPI Flash contents from files stored on an SD card use the U-Boot commands "fatload" and "sf".
Example:

Read boot.bin from SD Card to memory address 0x1000000
fatload mmc 0 0x1000000 boot.bin

Initialize SPI Interface
sfprobe 000

Write 0x450000 bytes from address 0x1000000 to offset O in SPI Flash
sf update 0x1000000 0 0x450000

The default U-Boot environment has predefined command sequences to update SD Flash from an SD card.
This update contain files used for Linux boot (boot.bin, ulmage, uramdisk.image.gz and tevicetree.dtb).

run sdfetch

run reflash_all

Update the SPI Flash from a network

To update SPI Flash via Ethernet the U-Boot commands "tftp" and "sf" can be used.

Copyright © 2014 Trenz Electronic GmbH Page 15 of 202 http://www.trenz-electronic.de
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Host PC network interface should have IP address 192.168.42.2. Direct connection from a host PC to the
board is recommended. It is possible to change the IP address of the board from U-Boot, but there could be
other issues when the connection goes via a corporate network.

TFTP server software should be installed on the host PC to provide file access via the TFTP protocol. A
TFTP server is no longer provided by Microsoft as part of the Windows O/S, so third-party software must be
used.

Example of TFTP server configuration

® Download OpenTFTPServer from http://sourceforge.net/projects/tftp-server/
® Install OpenTFTPServer

® Run Open TFTP Server -> Configure from Start menu

® Edit configuration file.

[LISTEN-ON]
192.168.42.2
[HOME]
c:\firmwarel
[LOGGING]
All

[ALLOWED-CLIENTS]

[TFTP-OPTIONS]

® Run Open TFTP Server -> Run Stand Alone
After configuration files in C:\firmware can be downloded via TFTP.
Example:

Download boot.bin from host PC to memory address 0x1000000

tftp 0x1000000 boot.bin

Initialize SPI Interface

sfprobe 000

Write 0x450000 bytes from address 0x1000000 to offset O in SPI Flash

sf update 0x1000000 0 0x450000

Copyright © 2014 Trenz Electronic GmbH Page 16 of 202 http://www.trenz-electronic.de
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SD Card Boot Mode

TEOQ720 can also boot directly from an SD card. In this mode SPI Flash is not used (all code starting from the
FSBL is loaded from the SD card).

. SDIOO0 Bootable slot MIO pins have a 1.8V fixed I/O voltage so the SD card must be connected via
a level shifter on the carrier board.

Programming the FPGA with new Configurations

Configuring the FPGA via JTAG

Either Xilinx Impact or ChipScope can be used to load bitstreams over JTAG.

Configuring the FPGA by the Processing System (PS)

Files that can be used for FPGA configuration using the PS DEVCFG interface have to be binary bitstreams
with the preamble stripped and the bytes swapped within 32-bit words. The Xilinx bitgen tool can produce
files with a BIN extension and a stripped header, but the generated files do not have the correct byte swap.

Example for "promgen" parameters to convert bitstream "top.bit" to byte-swapped binary file "top.bin":

prongen.exe -w -b -p bin -o top.bin -u O top.bit -data_wi dth 32

. Bitstreams that do include PS instantiation have to be generated with CCLK as the startup clock.

Configuring the FPGA with U-Boot
The FPGA can be configured or reconfigured from the U-Boot prompt:

zyng- uboot > nm 0xf 8007080

f8007080: 00000010 ? O

f 8007080: 00000000 ? x

zyng- uboot > nm 0xf 8007080

f 8007080: 00000000 ? x

zyng- uboot > fatl oad mmt 0 0x100000 top. bin
readi ng top. bin

4045564 bytes read in 628 ns (6.1 MB/s)
zyng- uboot > fpga | oad 0 0x100000 Ox3dbafc
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. Writing O to address 0xF8007080 is a temporary fix for the first revision of the FSBL shipped. It is
required to make the FPGA configuration correctly both in U-Boot and in Linux. An explanation has
been given by a Xilinx employee on the Xilinx User Community Forums.

Configuring the FPGA in Linux

The FPGA can also be configured within Linux:

zyng> nkdir /tnp/sd

zyng> nount /dev/ mtbl klpl /tnp/sd
zyng> cd /tnp/sd

zyng> cat top.bin > /dev/xdevcfg

&  You must apply the write to address 0xF8008070 in U-Boot before booting Linux, otherwise the
FPGA load will fail.
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Detailed Description

Revision: 0.2

Overview
B2B Left | 60 |
User 11O
1 Gbyte
DDR3 SDRAM| | YSB Phy
&
B2B Bottom A B2B Top
|| 101001000 | | JTAG
S
User [0
P35 PL
100 (processing system)  (programmable logic) |
Quad SP1]
User 1/O User [0
I
System RTC
EMMC 32 Pﬂbéﬁ I LED Management
4-64 GByte | 943 s MEMS
B Flash Sensor
EEPROM

Figure 2: TEO720 GigaZee Zynq SoM Block Diagram
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System Management, Power Supply & Resets

vcCelo13®

EP53F8QlI
— — I

Ep
3rsqy
1.8V 2

EENIRITNN o
e, [ ]
(Power Switch)

Figure 3: Overview: TEQ720 System Management, Power Supply & Resets

1 Note: The DDR3 SDRAM size depends on assembly option.

21.0V and 1.8V TE0720 power supply circuits are not shown to create a better overview (see TE0720 User Manual | Power
Supply for more details).

3 Four independent VCCIO voltages (VCCIO13, VCCIO33, VCCIO34, VCCIO35) are fully customizable (1.5V, 1.8V, 2.5V, 3.3V)
and can be chosen application-specifically (on a user defined "Carrier Board"). For example, on our "TE0701-03 Carrier Board" the
VCCIO voltages have been chosen on the one hand for VCCIO33 and VCCIO34 to be 2.5V by default (or alternatively 3.3V) and
on the other hand for VCCIO13 and VCCIO35 to be the user-programmable FMC_VADJ voltage via I12C (see TE0720 User
Manual | Carrier Boards for TEQ720 - Configuring FMC Power Supply Voltage) by default (or alternatively 2.5V and 3.3V,

respectively).
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System Management Controller (SC)

Overview: System Management Controller (SC)

A Lattice XO2-1200 CPLD is used as a System Management Controller (referred to as SC in the manual).
The SC is responsible for power sequencing, reset generation and Zynq initial configuration (mode pin
strapping). Moreover, some on-board ICs are connected to the SC that provides level shifting.

It is possible for the default SC functions and pin functions to be changed. This can be done as a request to
Trenz Electronic or it is possible for the user to generate their own designs. Please contact us for details.

The SC wakes up when the 3.3V input power rises above 2.1V (VIN voltage is not needed). The SC can turn
on or off all of the other supplies on the module (except in no power sequencing mode when the 1.0V and
1.8 V supplies are forced to start immediately when power is applied to the module).

Custom SC Programming

SC customization is available either by requesting new features or with special agreement by using the
users own code. SC code can be updated in the system using the 12C interface. Please contact us for
detalils.

SC B2B Pins

SC is connected directly to the following B2B Pins.

Name Mode Default function Alternative Description

EN1 input, weak Power Enable 10 Enables the DC-DC converters and on-board supplies. Not used if
pull-up NOSEQ=1

PGOOD  output, open Power good SCLor IO Forced low until all on-board power supplies are working properly.
drain

MODE input, weak Boot mode SDA or 10 Force low for boot from the SD Card. BOOTMODE is latched at power
pull-up on only.

RESIN input, weak Reset input 10
pull-up

NOSEQ  input, weak Power sequencing Output Forces the 1.0V and 1.8V DC-DC converters ON when high. Can be
pull-down Control used as an I/O after boot.

NOSEQ Pin

This is a dedicated input that forces the module's 1.0V and 1.8V supplies to be enabled if high. This pin has
a weak pull-down on the module. If left open the module will power up in normal power sequencing enabled
mode. This pin is 3.3V tolerant. This pin is also connected to the System Management Controller. The SC
can read the status of this pin (that is it can detect if the module is in power sequencing enabled mode). The
SC can also use this pin as output after normal power on sequence. Please check the SC description for the
function. SC rev 0.02 maps Ethernet PHY LEDO to NOSEQ by default (the mapping can be changed by
software after boot).
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No Sequencing mode

If the module is powered from a single 3.3V supply and power sequencing is disabled, then NOSEQ pin
should be powered from the main 3.3V input. That is VIN, 3.3Vin and NOSEQ should all be tied together to
the input 3.3V power rail. Sequencing mode should not be used if VIN is not 3.3V.

Normal mode
For normal operation leave NOSEQ open or pull down with a resistor.

Normal mode with user function on NOSEQ
NOSEQ can be used as an output after boot. NOSEQ must be low when 3.3V power is applied to the
module. Common usage is an LED connected between NOSEQ and GND.

SC pins to the FPGA

Default function  Direction Description
XCLK  Clock to FPGA to FPGA
XIO1  Clock from FPGA from FPGA SCL from EMIO 12C1
Xl02  Datafrom FPGA  from FPGA SDA from EMIO I2C1
XI03  Datato FPGA to FPGA SDA to EMIO 12C1
Xl04  ETH PHY LED1 to FPGA
XIO5 ETH PHY LED2 to FPGA

X106 Interrupt to FPGA RTC, MEMS

Default Mode

At power up the System Management Controller starts with default settings.

Pin/Function Used as/Mapped to Notes

ETH PHY LEDO XIO to FPGA

ETH PHY LED1 XIO to FPGA

ETH PHY LED2 Not used

ETH PHY CONFIG Tied logic low PHY Address setto 0
ETH CLK125MHz Pass through FPGA B34 SRCC pin

ETH Clock Enable Tied logic high

ETH PHY Reset Internal RESET
MIO7 LED1
MEMS/RTC 12C XIO to FPGA

RTC Interrupt -
MEMS Interrupt 1 -

MEMS Interrupt 2 -
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Pin/Function
eMMC Reset
USB PHY Reset
FPGA PUDC
FPGA PROG_B
Zyng Cascaded JTAG

Zynq boot mode

Used as/Mapped to
Internal RESET
Internal RESET
Tied logic low

Tied logic high

Enabled (pulled low)

TEO720 User Manual

Notes

SPI or SD, depending on bootmode pin

Zynq SRST
Zyng POR
PLL

LED2

LED1

NOSEQ Input

Tied logic high
Internal POR/Reset
Not used

System Status LED

MIO7

NOSEQ at power, LED out after boot

Power Good 1.5V

Power Good VTT

MODE Input

12C Address
0x20

0x21

Function
Status reg 1

Status reg 2

LED Control Status

The TE0720 on-board LED devices can be remapped to different functions.

Input port bit

0

Mapped to

Ethernet PHY LEDO output
Ethernet PHY LED1 output
Ethernet PHY LED2 output
PS MIO7

Returns RESIN pin level
Returns EN1 pin level
Returns NOSEQ pin level

Returns MODE pin level

Revision: 0.2

LED1 and LED2 function can be changed from the default behaviour using output port bits (3..0)
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D3 D2 D1 DO LED1 function as
0 0 0 0 Default(MIO7)

0 0 0 1 ETH PHY LEDO

0 0 1 0 ETH PHY LED1

0 0 1 1 ETH PHY LED2

0 1 0 0 MIO7

0 1 0 1 Undefined

0 1 1 0 OFF

0 1 1 1 ON

1 X X X Undefined
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SC Demystified

System Controller (SC for short) was designed to allow ZYNQ PS system to access module special
functions as early as possible without reducing the number of MIO pins that are fully user configurable.

This early communication channel is done using MIO52 and MIO53 pins that are used also as Ethernet PHY
management interface for the on-board Gigabit PHY.

In order to simplify the boot process and reduce the number of time the PS peripherals need to be
configured or re-initialized SC uses the same protocol on MIO52/MIO53 as the Gigabit PHY itself. This
means that FSBL Configures all peripherals to their final function, allocating MIO52 as MIO52 as Ethernet
MDIO Interface.

SC Controller appears as "Virtual Ethernet PHY" on the MDIO bus of PS Ethernet O Interface. This interface
is already available when Zynq PL Fabric is not configured.

It would have been possible to use 12C Protocol on MIO52/MIO53 but in such case some multiplexing would
be be needed to choose between two protocols, also it would be needed to change the Peripheral mapping
after first init by the FSBL.

For use cases where Ethernet PHY on TE0720 is not used at all, it is still possible to configure SC with
design that implements 12C Protocol on MIO52/MIO53 pins.

For most use cases the only need to use this interface is access to MAC Address info, this is normally done
by u-boot loader that fetches the MAC Address bytes and sets its environment variables accordingly. Linux
image will then also be started so that the MAC Address from EEPROM is used for Ethernet O Physical
interface.

» Important: u-boot still has trouble properly initializing Ethernet PHY registers. So that with standard
u-boot distribution MIl Commands are not available from withing u-boot, those commands will just
fail, and all 0's will be read from all PHY addresses. This is not a design issue with SC, it is u-boot
problem that is not fixed in mainstream u-boot repositories. PHY Init has changed with u-boot
versions but the problem is still there, and more severe in the latest revisions of u-boot. PHY
initialization fix in u-boot board support file that worked in 2013.1 uboot is no longer working in
2014.1 uboot version.
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yng sdhci:
Detected S525FL2565 64K with page size 256 Bytes,

Gem.ed00bL000

TEO0720 User Manual

using default environment

v key to stop autoboot:
zyng-uboot> mii info

P:Y 0x00:

PHY 0=x01: OUI
PHY 0=02: OUI
PHY 0=03: OUI
PHY 0=04: 0OUI
PHY 0=x05: OUI
PHY 0=06: OUI
PHY 0=x07: OUI =
PHY 0=08: OUI =
PHY 0=x09%: OUI
PHY 0O=0A: OUI
PHY 0=x0B: OUI
PHY 0=0C: OUI
PHY 0=x0D: OUI
PHY 0O=x0E: OUI
PHY 0=x0F: OUI
PHY 10: OUI
PHY 1: OUI
PHY 12: OUI
PHY 13: OUI
PHY 14: OUI
PHY : OUI
PHY la: OUI
PHY 17: OUI
FHY 0O oUI
PHY O oUI
PHY oUI
EHY ouI
PHY oUI
EHY ouI
FHY 0O oUI
BHY O oI =
zyng-uboot> mm e

CH=Ne R ]

;
3

=
g

PHY 0x00: OUI
PHY 0Ox1A: OUI
zyng-uboot> I

Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model

- I = I
m m M m

[
m m

m
q4 9 9 9 9 o o < o o o o o o o o o o o o o g o o o o o o o o o o

m

m

m

m

m

m

m

m

1
m

m

m

1
m

m

1
m

m

1
m

m

1
m

m

1
m

m

1
m

m

1
m

m

Model
Model

0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,

0x=00,

10bas=eT,
10baseT,
10bas=eT,
10baseT,
10bas=eT,
10baseT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=eT,
10bas=seT,
10bas=eT,
10bas=seT,
10bas=eT,
10bas=seT,

erase size 64 KiB,

Revision: 0.2

total 32 MiEBE

Initial MII info in uboot 2014.1 finds "fantom” PHYs that all read O's from all registers. After enabling Mll
Interface (that u-boot itself should do during init) MIl Info command shows correctly PHY at address 0 what
is the Marvell Gigabit PHY and virtual PHY at address Ox1A what is the SC. The above is what uboot will
show if the MDIO enable bit was not set in the FSBL.
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SC Firmware ver 0.02

This is the initial version of the System Controller with only a very limited function set implemented.

System Controller can be accessed as PHY with address 0x1A on the ETHO Management bus (MIO pins 52,
53). Communication can be established anytime when ETHO and management interface are enabled also
before FPGA PL Fabric is configured. Xilinx default FSBL and standard u-boot do not enable the
management interface. It can be done manually in u-boot

zyng- uboot > mm e000b000
e000b000: 00000010 ? 10
e000b004: 00080000 ? x
zyng- uboot >

The above command enables the management interface on ETHO. TEQ720 FSBL does this already so there
is no need to do it manually. This command is needed when standard Xilinx wizard generated FSBL is used
with plain standard u-boot, TE0720 u-boot does this initialization also. Note: It seems the problem is in the
current u-boot for Zynq, where mii_init function is not defined and not invoked.

Version check

System Controller Firmware version and some other version info can be read with u-boot command mii info:

zyng-uboot> nii info

PHY 0x00: QUI 0x5043, Model
PHY Ox1A: QU 0x7201, Model
zyng- uboot >

0x1D, Rev
0x01, Rev

0x01, 100baseT, FDX
0x00, 10baseT, HDX

PHY at address 0x00 is the ETHO onboard ethernet PHY Marvell 88E1512.

PHY at address 0x1A is the System Controller. OUI 0x7201 should be decoded as Model TEQ720-01. Model
0x01 is Assembly option. Rev 0x00 is the firmware major revision for the System Controller (Rev 0 is the
initial version).

Bit Decoding

Reg Addr Bits u-boot ENV Variable Description

2 15:0 board upper bits of SoM Model

3 15:10 board lower bits of SoM Model

3 9:4 - Assembly Variant

3 3.0 scver SC Firmware Revision Major number

4 15:14 board FPGA Speed Grade

4 13:12 board FPGA Temperature Range (O=Commercial, 1=Extended, 2=Industrial)
4 7:0 scver SC Firmware Revision Minor number

Customized u-boot reads and decodes the model and assembly variant information and stores in readable
format in environment variables.
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zyng- uboot > printenv board
boar d=TEQ0720- 01- 21 F
zyng- uboot >

Reading MAC Address
With u-boot command mii read:

zyng- uboot > ni i
addr=1a reg=09 dat a=0004
addr=1a reg=0a dat a=A3AC
addr=1a reg=0b dat a=3911
zyng- uboot >

read la 9-b

Revision: 0.2

This command will read MAC Address from the System Controller. Note: This only works if the ETHO
interface is enabled and if FSBL has enabled MIl Management console on ETHO Interface. 0004A3 is OUI

part, AC3911 is the serialized part (lower bits of MAC address).

Customized u-boot does read MAC Address and stores it in environment variables as required, as a result,
proper MAC address is used both in u-boot as also in Linux. Setting up MAC Address for Linux involves

dynamic rewrite of FDT, this is done with u-boot script that starts Linux.

SC Registers
Most registers and functions are available via ETH PHY Management interface (MIO pins 52 and 53).

Addr

0

1

OxA

0xB

0xC

0xD

OxE

OxF

Copyright © 2014 Trenz Electronic GmbH

R/W

RO

RO

RO

RO

RO

RW

RW

RW

RO

RO

RO

RO

RW

RW

ID1
ID2
ID3
CR1
CR2
CR3
SR1
MAChi
MACmi

MACIo

MMD_CR

MMD_AD

Descripion

Identifier Register 1

Identifier Register 2

Identifier Register 3

Control Register 1: LED's

Control Register 2; XIO Control
Control Register 3; Reset, Interrupt
Status Register

Highest bytes of primary MAC Address
Middle bytes of primary MAC Address
Lowest bytes of primary MAC Address
reserved do not use

MMD Control Register

MMD Address/Data

reserved do no use
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Addr R/W Descripion
other - reserved do not use

System Controller version 0.02 does not support extended address space - registers 0xD and OxE are
read-write accessible but do not have any function. In feature revision extended address will be used to
control SC PLL and other features.
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Power Supply

Power Supply Specifications

High-performance DC-DC converters from Enpirion are used for most of the power rails.

Power Sequencer and System Management

Xilinx ZYNQ devices require special power sequencing. The voltage difference between 1.8V VCCAUX and
any 1/O Voltage must not be higher than 2.65V for a combined duration of 800 ms for each power on-off
cycle (or 500 ms at higher temperatures). If TE0720 is operating in "no power sequencing" mode this period
time of 800 ms (and 500 ms, respectively) will never be violated in normal use. TE0720 can also be used in
power sequencing mode where the 3.3V voltage plane is supplied from 3.3Vin (CPLD power supply) by a
dedicated power FET switch (that is, in turn, controlled via an enable signal by the CPLD SC) after the 1.0V
and 1.8V supplies have stabilized. However, in power sequencing mode user circuitry must also comply to
power-up sequencing rules; VCCIO voltages that are over 2.5V must be turned off when TE0720 has not
turned on the core supplies.

33Vin=29V — pm
VCCIO34 >125V —

DCDC 1.0V Power Good —— =

DCDC 1.5V Power Good — | > Power Good
DCDC 1.8 Y Power Good ——fp-
LOOVTT 075V Power Good ———f=
Simplified Power Good signal generation.
Power Rails
Rail Input/Output Powered from V | Rating Monitored UVLO XADC
Vin Input External 3.3-5.5 B8A Connector >2.2V (indirect by DCDC) 2.2V
Vin 3.3V Input External 3.3 2A Connector >2.5V (indirect by SC)
3.3V Output *1 Vin 3.3V 3.3 2A Connector >=3.05V
1.0v Internal Vin 1.0 4A DCDC +-10% 2.3V Yes (internal)
1.8V Internal / Output  Vin 1.8 1.5A DCDC +-10% 2.2V Yes (internal)
1.5v Internal / Output ~ Vin 1.5 1.5A DCDC +-10% 2.2V Yes (internal)
VTT Internal 1.5V 0.75 +-2A LDO +-20% 2.3V indirect via VTTREF
VTTREF Internal 1.5V 0.75 +-10mA LDO  +-20 (indirect tracks VTT) 2.3V Yes (Channel 0)
VCCIO_34 Input External *2 1.5-3.3 2AConnector >=1.25V
VCCIO_13 Input External *2 1.2-3.3 2A Connector not monitored
VCCIO_33 Input External *2 1.2-3.3 1A Connector not monitored
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Rail Input/Output Powered from V | Rating Monitored UVLO XADC
VCCIO_35 Input External *2 1.2-3.3 2A Connector not monitored

*1 When used in 3.3V single power supply mode with no sequencing this pin can be connected to Vin 3.3V

*2 PL I/O Bank VCCIO Inputs can be connected to the module's 3.3V output (for 3.3V I/O Voltage Banks).

I/O Voltages
1/0 Bank Voltage Notes
PS MIO Bank 0 3.3 SPI Flash, 8 MIO pins on B2B connector
PSMIOBank1l 1.8 USB PHY, Ethernet PHY, eMMC, 6 MIO pins on B2B connector
PL Bank O 3.3
PL Bank 34 1.5-3.3 When Bank 34 VCCIO is below 1.25, ZYNQ is held in POR reset state
PL Bank 13 1.2-33
PL Bank 33 1.2-33
PL Bank 35 1.2-33

Ethernet PHY 1.8
USB PHY 1.8

eMMC 1.8

Example Application Diagrams

Dual Supply Application

WVin——— Vin 3. 3\Vout — LD

33N —— 3.3Vin J
- NOSEQ WVCCIO34

VCCI013 _I
On f Off ———— ENA VCCI033
VCCI035

Win DCcDC
- Power Good EM

Example power connections. On-board DC-DC converters are supplied separately from 3.3V circuits. All
VCCIO Bank Voltages should be derived either from the 3.3V output or controlled by the Power Good signal.
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For single supply mode with power sequencing enabled, use the same configuration with Vin powered from
3.3V.

3.3V Single Supply with no Power Sequencing

3.3V - \in 3.3\out —
— 3.3Vin

- NOSEQ WCCI034 —

VCCIO13—3

Mot Used “<— EN1 VCCIO33 —

VCCI035 —

-o}—— Power Good

This is simplest application where all power is derived from single a single 3.3V supply with no power
sequencing. All FPGA 1/0 Banks should be powered from the same 3.3V supply either directly or using a
LDO/DC-DC supply. This configuration is used for backwards compatibly with motherboards designed for
the TE0600 module. EN1 pin in this configuration does not turn off any of the on-board power supplies.
Holding EN1 pin low will assert the POR (power on reset) to the ZYNQ. EN1 can be left floating, pulled up or
connected to 3.3V.

XADC Power

For best noise performance XADC is powered from a separate on-board, low power, 1.8V LDO. The LDO
provides an Analog power supply for the ZYNQ XADC circuits and also for an on-board 1.25V reference IC.
Those components are placed within 3 mm of the BGA package balls on the PCB bottom side.

Backup Battery

The RTC IC is powered from a backup battery which should have a nominal voltage of 3.2V to 3.3V. The
ZYNQ internal AES security RAM is also powered from the same VBATT pin as the RTC chip. The backup
supply pin on the ZYNQ is connected to VBATT via an ultra-low power LDO.

Operating with a power supply of less than 3.1V

The TE0720 System Managment Controller normally prevents the ZYNQ device from booting if the power is
less than 3.05V. In certain cases it is possible to allow the TE0720 module to be operated from a single 2.5V
to 2.7V supply. At these voltages the SPI flash boot option is not available and the on-board eMMC is not
usable. Boot is only possible via JTAG, or optionally from external SD Card supporting low-voltage operating
modes. This option is only considered on special request.
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AC & DC Characteristics

AC Characteristic

-3 -2 il
ARM CPU Max 800 733 667
PS DDR3 1066 1066 1066
Logic F/F Toggle 1412 1286 1098
Block RAM 509.68 460.83 388.20
DSP48E1 628.93 550.66 464.25

Global Clock Tree and BUFH = 628.0 628.0 464.4
1/0 Clock Tree 680 680 600
Regional Clock 420 375 315

MMCM/PLL input or output 800 800 800

Max AC performance in MHz per ZYNQ speed grade. The above table shows some maximum clock
frequencies for the PS and PL subsystems of the ZYNQ SoC. Please consult Xilinx datasheets for detailed
performance information.

DC Characteristic
Power input pin  Max current
VIN
3.3Vin 300mA

VBATT

Lowest on-board consumption is achieved when powering the module from single 3.3V supply. When using
split 3.3V/5V supplies the power consumption (and heat dissipation) will rise, this is due to the DC/DC
converter efficiency (it decreases when VIN/VOUT ratio rises).

Typical power consumption is between 2-3W.

Ethernet PHY Power-down

If on-board ethernet PHY is not used it can be forced into full powerdown, it requires 3 different setting in
PHY registers that force the Copper Interface power-down, RGMII power-down and disable the CLK125
output as well.

Write 0x0800 to register 0 page 0, and 0x0003 to register 16 page 2.

Power saving about 60mW from the PHY power-down, this is only from the PHY IC, Zynq ETH Interface is
still in used and clocked, so additional power saving could be achieved by disabling PS ETH as well.

Ethernet PHY clock oscillator can be forced into standby, additional 20mW savings.
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USB PHY Power-down
USB PHY can be forced into power down by setting the USB PHY Reset active.
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Resets

The system pin called RESIN is mapped to the Zynq POR Reset pin as default. The function of this pin can
be changed during the boot process.

Note: If TE0720 is used with a full O/S like linaro/ubuntu, and the internal eMMC or external SD card is
mounted as a Linux live file system, then it is not recommended to reset the system by asserting RESIN.
RESIN pin function can be changed from POR reset to an interrupt, enabling the O/S to do a proper shut
down. Please check System Management Controller section.

Software forced Resets

The SC starts the Zyng with a cascaded JTAG chain bootstrap option after initial power on. If an
independent JTAG option is desired then the Zynq should be restarted (force POR), which latches the new
bootstrap options. The SC can do this under software control.

. Function not available with SC version 0.2

Peripheral Resets

Some on-board peripherals have separate reset inputs. Those are normally asserted by the SC during initial
power-up sequence. After the boot process those reset pins can be controlled via the SC.
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SC update for TEQ720-02

TEO0720 SC can be updated on TEQ703 base board (or on custom baseboards).

It is best to check the JTAG configuration with ToolZ to be sure what IC is selected in Chain.

Saipt

| Cﬁxngelzd:l:l Detect §Ia|z|:| Run... " Show Commands = Check Erase Program...

Close Reset Run from File | Stop On Error SR2Z  Write JEDECID

TAP/Debug

I+ -USB SVF |BSDL | PDL/TCL | Board/Module
4. ITAG
- 4BADD4TT
i 23727093

Properties

Key Value

IDCODE 23727093

VENDOR. iline

USERCODE  FFFFFFFF

DNA 0000000000000000

Devices

opening device automatically.

INFO: ToolZ - Digilent Product Name: JTAG-ONE4
INFO: ToolZ - Digilent Product ID: 50800157
INFO: ToolZ - vendor Product: TEO703-02

Zynq is selected in JTAG, this is normal operational mode. All switches left (ON).

TTAG | Seript

| {bengeled:l:l Detect §Ialz|:| Run... | Show Commands =~ Check Erase Program...

Close Reset Run from File | Stop On Error SRZ  Write IEDEC ID

Cable Chain TAP Debug

- -USB SVF BSOL | POL/TCL | Board/Module
A-J‘!’.ﬂG
| 01284043 |

Properties

Key Value

IDCODE 012BA043

VENDOR, Lattice Semiconductor
USERCODE CC032000

DNA CB822C01AES016784

Devies

opening device automatically.

INFO: ToolZ - Digilent Product Name: JITAG-ONB4

INFO: ToolZ - Digilent Product ID: 50800157

INFO: ToolZ - vendor Product: TEO703-02

WARNING: TEO7O1 in Carrier Controller CPLD JTAG Programming MODE, set S3.3 "JTAGEN" to "ON" to disable!
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Only S3.3 is moved to right (OFF) position. TEQ703 onboard baseboard controller CPLD is in JTAG chain
with USERCODE CCO03xxxx

Ly | e

Pr UFM
Open Select - Detect  State - Run... [ Show Commands  Check Erase Program... LoadBSDL SAMPLE oo
DA DOME=1
Close Reset Run from File | Stop On Error SR2  Write JEDECID PRELOAD EXTEST
ERASE Reconfig
Cable Chain TAP/Debug SVF SPI BSDL FPGA
>+ 1USB SVF |BSDL | PDL/TCL | Board/Module
- JTAG L
./ 012BAD43 |
Properties
Key Value
IDCODE 012BA043
VEMDOR Lattice Semiconductor
USERCODE E7200201
DNA 0822C01499A26TAC
|
Devices ~m
INFO: ToolZ - Digilent Product Name: JTAG-ONE4 ~
INFO: ToolZ - Digilent Product ID: 50800157
INFO: ToolZ - vendor Product: TEO703-02
WARNING: TEO701 in Carrier Controller CPLD JTAG Programming MODE, set 53.3 "JTAGEN" to "ON" to disable!
WARNING: TEO701 in Carrier Controller CPLD JTAG Programming MODE, set 53.3 “"JTAGEN" to "ON" to disable!

=

TCL Consok
012BA04Z y

Only S3.2 is moved to right (OFF) position. TEQ720 onboard system controller CPLD is in JTAG chain with
USERCODE E720xxxx,

TEO703 LED's D1, D2 should be both LIT. If not then it is needed to update the CPLD on TEQ703 first, to
enable module controller programming.
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Board-level Components

Figure 4: Overview: TE0720 Board-level Components

1 Note: The DDR3 SDRAM size depends on assembly option.
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DDR3 SDRAM
Memphis MEM4G16D3EABG-125| DDR3 SDRAM is used which is fully compatible to Micron

MT41J256M16. Two RAM devices are used in a fly-by topology configuration with a 32-bit data width.

. Different DDR3 devices may be used on different module derivatives.

Configuration

1F Re-customize IP

— an =)

ZYNQ7 Processing System (5.2) ‘:\i

i Documentation [ IP Location & Presets

Page Navigator <« |DDR Configuration ]
g/ [¥]Enable DOR

Zynq Block Design 2
X searen:
PS-PL Configuration Z
Peripheral 1/0 Pins 5| a Select Descriptian
=1~ DDR Controller Configuration
MIO Configuration “Memary Type [DOR 3 =

| Select the type of memory interfacetypes. Please refer to the TRM for a detailed list of supported memory controllers for Zyng famiy
: “Memory Part MT411256M16 RE-125 | Select the desired memory part. For uniisted parts choase "Custom™. This will enable user changes in the "Memory Part Configuration” section.
Clock Configuration

Effective DRAM Bus Width 32Bit ~ Select the desired data width. Refer to the Thechnical Reference Manual(TRM) for a detsiled list of supported DDR data widths.
DDR Configuration ECC Disabled ECC is supported only for data width of 16-bit.
Surst Length s + | Select the burst Length, Tt refers to the amount of data read/written after a read/write command is presented to the controller
TR0 Lty Lok ey .DOR 533.333313 Chose the dlack period for the desired frequency. The allowed freq range (200 - 667 MHz) is a function of FPGA part and FPGA speed grade
Interrupts -Internal Vref D The internal Vref used when external resistors are not used on DDR 10 supply voltage.
-Operating Temperature (C) Normal (0-85) + | Select the operating temparature
Memary Part Configuration g ’
- Training/Board Details User Input =
() DRAM Training ' )
Write leveling Provide the Write leveling of CRAM Training. Adjust WR DQS relative to CLK
I Read gate Provide the Read gate of DRAM Training. Adjust valid RD DQS window.
Read data eye Provide the Read data eye of DRAM Training. Adjust RD DQS relative to RD data
- DQS to Clock Delay (ns)
DQso 0.0 DQS to Clock deley [0] (ns). The aly difference of each DQS path delay subtracted from the clock path delay
! DQs1 0.0 DQS to Clock delay [1] (ns). The daly difference of each DQS path delay subtracted from the clock path delay
pQs2 0.0 DQS to Clock delay [2] (n). The daly difference of each DQS path delay subtracted from the clock path delay
DGs3 0.0 DS 1o Clock delay [3] (n). The daly difference of each DQS path delay subtracted from the clock path delay
! - Board Delay (ns)
D701 0.0 Board delay [0] (ns). The average of the data midnoint delay, of the data delays associated with a byte lane (DDR_DQ, DOR_DM) averaged with the mid...
DQl1s:a] 0.0 Board delay [1] (ns). The average of the data midpoint delay, of the data delays ascocated with a byte lane (DDR_DQ, DOR_DM) averaged with the mid...
DQI23:16] 0.0 Board delay [2] (ns). The average of the data midpoint delay, of the data delays associated with a byte lane (DDR_DQ, DOR_DM) averaged with the id...
DQ31:24] 0.0 Board delay [3] (ns). The average of the data midpoint delay, of the data delays associated with a byte lane (DDR_DQ, DOR_DM) averaged with the mid...
-~ Additive Latency {ns) 0 Provide the Additive Latency (ns). Increases the effidency of the command and data bus for sustainable bandwidths

Setting the DDR3 configuration for the TEQ720 is straightforward.
Select "Memory Part" as shown in the diagram.

Select "Effective DRAM Bus Width" as 32-bit.

Ensure that "Internal Vref" is disabled.

Set all delays to 0.

Optimal delays are not zero, so it is recommended to load the board initialization file were correct delays are
pre-defined.

Manufacturer Documentation

Name Version Date
DDR3-settings.jpg 1 2013-06-28 10:21
MEM4G16D3EABG_10.pdf 1 2013-04-06 15:51
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e-MMC

Managed NAND - e-MMC is supported by newer version of Xilinx FSBL directly as secondary boot media
when FSBL itself is fetched from QSPI Flash.

. A special compile flag must be set to enable e-MMC support in FSBL. This flag is not needed for
e-MMC support in Linux or U-Boot.

Version Notes
FSBL ISE >= 14.6? eMMC supported as secondary media
U-Boot supported but can not format blank media

Linux fully supported

The e-MMC reset input is connected to the SC and is set normally high (not in reset).

. The eMMC reset input is NOT activated in e-MMC after power is applied. So forcing e-MMC reset
low has no effect unless e-MMC command to enable reset is sent.

Format internal eMMC Card (Linux)

Full equipped TE0720-01-*F modules have onboard 4G eMMC card. By default this card not have partitions
and not formatted. Below you can see sample eMMC configuration (One primary partition, Linux EXT2
filesystem)

Connect to the board using ssh connection or serial console via J5 mini-USB connector

Execute linux commands to create partition

zynq> fdisk /dev/mmcblkO

The number of cylinders for this disk is set to 117248.

There is nothing wrong with that, but this is larger than 1024,
and could in certain setups cause problems with:

1) software that runs at boot time (e.g., old versions of LILO)
2) booting and partitioning software from other OSs

(e.g., DOS FDISK, OS/2 FDISK)

Command (m for help): n

In command menu press 'n' to create new partition and then Enter.
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Command action
e extended
p primary partition (1-4)
Press 'p' to create primary partition and then Enter.
Partition number (1-4): 1
Press '1' for first partition and then Enter.
First cylinder (1-117248, default 1):
Press Enter to select default value.
Last cylinder or +size or +sizeM or +sizeK (1-117248, default 117248):
Press Enter to select default value.

Command (m for help):

Press 'W' to save changes and exit.

Execute linux command to format partition. To EXT2
zynq> mke2fs /dev/immcblkOp1

To FAT
zyng> mkdosfs /dev/immcblkOp1

After formatting eMMC drive is ready to use and will be mounted after next reboot.

To mount it immediately

zynq> mount /mnt/mmc
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Ethernet

Overview: Ethernet

TEOQ720 uses a Marvell Alaska 88E1512 Gigabit Ethernet PHY. PHY Datasheets and documentation if
needed are available from Marvell (an NDA is required). The Zedboard uses the same PHY with the only
difference being the package. The 88E1512 device is the only Marvell PHY from the 88E15xx series
supporting an industrial temperature range and a 1.8V 1/O Voltage.

The Ethernet PHY RGMII Interface is connected to the Zyng Ethernet0 PS GEMO (MIO Pins
MIO16..MIO27), I/0 Voltage is fixed at 1.8V for HSTL signalling.

The internal regulators of the PHY are not used and all power for the device is supplied from the TEQ720
DC-DC supplies.

Cable Diagnostic and VCT

Marvell Alaska PHY devices include a built-in Cable Diagnostic Feature and VCT (Virtual Cable Tester).
These functions are available over the MDI interface. More information can be found in the Marvell
documentation.

Media Autodetect

Power up defaults enable fiber-copper auto-detection, with fiber being the preferred media. If this setting is
not changed the PHY will always transmit on SGMII TX pins, also if link is in copper mode. To disable
fiber/SGMII

zyng-uboot> nmii wite 0 0x16 0x12
zyng-uboot> mi wite 0 0x14 0x8210
zyng-uboot> nmii wite 0 0x16 O

The above writes select page 20, then disable the auto media detect with PHY reset and then select Page 0
again.

Advanced PHY Features

Marvell Alaska PHY devices include support for PTP and SyncE. In these modes LED and CONFIG will be
mapped to different hardware functions. TEQ720 System Controller can map those pins to the Zynq PL I/O
pins so that all operational modes of the PHY can be utilized.

Temperature sensor
Example how to read temperature with u-boot

zyng-uboot> nmi wite 0 0x16 6
zyng- uboot> nii read O Ox1lb
0C54

zyng- uboot >
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Write to register 22 selects page 6, read from register 26_6 returns temperature value in lower 8 bits.
Temperature in Celsius = R26_6[7:0] - 25

PHY Connections

Because the Zynq PS has limited pins (MIO Pins) only RGMII and MDI pins from the PHY are connected
directly to the Zynq device. The remaining pins are connected to the SC that provides logic level conversion
and interface translation. When the PL is configured those LED pins can optionally forwarded to the PL
Fabric. It is also possible to assign the PHY LEDs to the TE0720 on board LED*s.

PHY PIN
MDC
MDIO
LED1
LED2
LED3
CONFIG
RST
RGMII
SGMII

Copper

Alternate Function

Interrupt

ZYNQ PS ZYNQPL SC
MIO52 yes
MIO53 yes
XIO yes
XIO0 yes
yes
yes
yes

MIO16..MI027 no

B2B Connector

yes

yes

By default the PHY Address is strapped to 0x00. SC is capable of changing it to 0x01 if needed.
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SGMIl/Fiber
File Control Setup Trigger Measure Analyze Utilities Help 1 Nov 2013 7:59 AM

20.0 GSa/s 43 pts

0 " EXKUNN - 6 > EEN

T<ieelo| sk NI - ~" R o

Measurements‘ Color Grade | Status | Scales

Delete Frequency( 4) Eye jit p-p(cg)
All Current  Source off Channels > 1

Mean ---

Min --------------- -“"-------------

SGMII signal EYE captured using SFP2SMA and 1.5m long SMA cables.

% Marvell PHY is most likely be left in auto-detect mode after system boot, in such case if copper
media is not detected SGMII output is enabled and transmitting. If this is not desired the PHY
should be programmed to disable SGMII autodetection.
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PHY LED Control

The Ethernet PHY LEDs are not directly available on the B2B Connectors.
The SC can however remap the PHY LED signals.

By default the NOSEQ pin is converted to an output pin after the boot process and PHY LEDO is mapped to
this B2B pin. During the boot process it is also possible to change this behaviour.

PHY LEDO, LED1 and LED?2 are also made available to be used in the FPGA fabric where they can be
routed to any free FPGA pins.

Signal B2B/FPGA LED PHY default function
Name #
NOSEQ JM1. LEDO After boot process PHY LEDO is mapped to
NOSEQ
X104 M15 LEDO  1G/100M: ON=Link, Blink=Activity, OFF=No Link
X105 N15 LED1  100M/10M: ON=Link, Blink=Activity, OFF=No
Link
X106 P16 LED2 Note: must be enabled in software

SC rev 0.2 default mapping of Ethernet LED's to B2B and or FPGA Pins

. Marvell PHY LED pins are multipurpose pins with shared and configurable functions.

Default behavior

If Marvell PHY LED control register is not changed during boot process then PHY power up default LED
settings apply. Please consult Marvell datasheet for exact features.

PHY LED Demo Design

This demo is for TEQ701, for other carrier or custom base board please change user LED mappings as
needed.

l'ibrary |EEE;
use | EEE. STD LOCd C _1164. ALL;

entity PHY LED TEST is Port (

PHY LEDO IN: in STD LOA C, -- forwarded signal from PHY LED 0] out put
PHY LED1 IN: in STD LOA C, -- forwarded signal from PHY LED 1] out put
PHY LED2 IN: in STD LOA C;, -- forwarded signal from PHY LED 1] out put
PHY_LEDO_QOUT : out STD LOA C, -- USER I/ O Signal in PMOD J5
PHY_LED1_QUT : out STD LOGAC, -- USER I/O Signal in PMOD J5

PHY LED2 OUT : out STD LOAd C); -- USER I/O Signal in PMOD J5

end PHY_LED TEST;
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architecture Behavioral of PHY_LED TEST is

begi n
PHY_LEDO_QUT <= PHY_LEDO_IN; -- just route LED signal
PHY LED1 OUT <= PHY LED1 IN;, -- just route LED signal
PHY LED2 QOUT <= PHY LED2 IN, -- just route LED signal

end Behavi oral ;

Complete code for PHY LED Demo

NET " PHY_LEDO_I N* | CSTANDARD = LVCMOS33;
NET " PHY_LEDO_QUT" | OSTANDARD = LVCMOS33;
NET "PHY_LED2_| N' | OSTANDARD = LVCMOS33;
NET " PHY_LED2_QUT" | OSTANDARD = LVCMOS33;
NET "PHY_LED1_| N' | OSTANDARD = LVCMOS33;
NET " PHY_LED1_QUT" | OSTANDARD = LVCMOS33;

NET "PHY_LEDO_I N' LOC = ML5;
NET "PHY_LED1_I N* LOC = N15;
NET "PHY_LED2_I N* LOC = P16;

NET "PHY_LEDO_OUT" LOC = AAL9;
NET " PHY_LED1_OUT" LOC = Y18;
NET "PHY LED2_OUT" LOC = AAlS;

Revision: 0.2

fromphy led out to I/O i1

fromphy led out to I/O il

fromphy led out to I/O i1

Constraint file for TE0720 when used with TE0701 with 3 LED's inserted into into J5 PMOD

Testing of the LED's

Boot normally and break into u-boot, then use impact or other tool to configure FPGA with the LED Demo .bit
file. Now you can configure the PHY LED functions and monitor the effects.

zyng-uboot>mi wite Ox1A 5 0x0010
enable LED2 forwarding to FPGA fabric
zyng-uboot>nmi wite 0 0x16 3
select Page 3 for Marvell PHY

zyng- uboot>nii wite 0 0x10 Ox1lbbb
This will make all 3 LED's to blink
zyng-uboot>mi wite 0 Ox10 0x1888
This forces all LED's to OFF state

zyng-uboot>mi wite 0 0x10 0x1999
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This forces all LED's to ON state
zyng-uboot>mi wite 0 0x10 0x1730

This configures LEDO as LINK, LED1 as Activity and LED2 as 10Mbit

% LED polarity is programmable, default is low(0)=> LED ON

zyng- uboot>nii wite 0O Ox11 0x4415

to change polarity of all LEDs

Revision: 0.2

Design files and ready to use bit file (for TE0701-J5) are available from the download area.
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On-board LEDs

Overview: On-board LEDs

There are 3 on-board LEDs, with two of them connected to the System Management Controller and one to
the Zyng PL (Done pin).

Name Color Connected to: Default mapping:

LED1 Green SC PL MIO[7]

LED2 Red SC System Controller Status LED

LED3 Green ZynqgPL FPGA Done - active low
LED1 GREEN

Is mapped to MIO7 after power up. After the Zyng PS has booted it can change the mapping of this LED. If
SC can not enable power to the Zynq then this LED will remain under SC control. It is available to the user
only after the power supplies have stabilized and the POR reset to the Zynq is released.

LED2 RED
Is used by the SC as global status LED. The SC can show status information on this LED. Vin power is not
required.

LED3 GREEN (FPGA Done)

This green LED is connected to the FPGA Done pin which has an active low state. As soon as the Zynq is
powered and the 3.3V I/O voltage is enabled, this LED will illuminate. This indicates that the Zynqg PL is not
configured. Once the Zynq PL has been configured the LED will go off.

During normal operation when the Zyng PL has been configured, the LED can be controlled from the FPGA
fabric. Control of the LED in a user design requires the use of Xilinx startup primitive rather than a normal I1/O
primitive. If the startup primitive is not used then the LED will go off after configuration and remain off
irrespectively of the user design. This LED can not be controlled by the SC.

. This LED will not operate if the SC can not power on the 3.3V output rail that also powers the 3.3V
circuitry on the module.

LED Status Codes

LED1 LED2 LED3 Description

OFF OFF ON Fatal error ~ This combination after power up is only possible in no sequencing compatibility mode were
on carrier 3.3Vout is supplied externally. The 1.0V and 1.8V DC-DC supplies are forced on (NOSEQ=1),
board and the SC is not able to start (3.3Vin below 2.1V). This should never happen if the external

power supplies are OK.

OFF ON OFF
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LED1 LED2 LED3 Description
VIN 3.3Vin is present, but the DC-DC supplies are not powered or 3.3Vin is below 3.05V. If the
missing LEDs stay on in this state then 3.3Vout is not turned on, and the Zynq is kept in the POR
state.
OFF 1/2 Blink  ON OK Zyng boot from SPI Flash has started.
Fast 4 Hz
OFF 1/2 Blink  ON OK Zynq boot from SD Card has started.
Slow 1
Hz
MIO7 or Blink or OFF OK LEDS3 goes off when the FPGA is configured. NOTE: The FPGA design can control this LED
user user too, so it may remain ON or be flashing when the FPGA is configured.
controlled  controlled
function function
ON Slow ON Powerdown ENL1 input to the module is low. If sequencing is enabled in this mode, then all power supplies
blink or on the module are OFF.
0.5Hz, OFF
1/8 on,
718 off
ON ON ON Reset Powered, RESIN input is active low.

Copyright © 2014 Trenz Electronic GmbH Page 49 of 202 http://www.trenz-electronic.de



‘\\ “

¢ trenz

@ ¢lectronic
0 TEO0720 User Manual

TODO: MEMS

In linux MEMS data can be read using device files

cat /sys/bus/i2c/devices/2-001ef/iio\:devicel/in_magn_x_raw
current magnetometer X value
cat /sys/bus/i2c/devices/3-0018/iio\:device0/in_accel_x_raw
current accelerometer X value

Copyright © 2014 Trenz Electronic GmbH Page 50 of 202

Revision: 0.2

http://www.trenz-electronic.de



‘\\ “

¢ trenz

@ ¢lectronic
0 TEO0720 User Manual Revision: 0.2

RTC

An Intersil temperature compensated real time clock IC ISL1202M is used for timekeeping. Battery voltage
must be supplied to the module from the main board.

Battery backed registers are accessed at I12C slave address 1101111x
General purpose RAM is accessed at I12C slave address 1010111x
This RTC IC is supported in Linux so it can be used as hwclock device.
RTC data also can be read using device file

cat /sys/bus/i2c/devices/2-006f/rtc/rtcO/time
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TEO720 User Manual Revision: 0.2

USB HS PHY, USB3320 from Microchip (previously SMSC) is used on the TE0720 module. This is the
recommended USB PHY for Zynq devices. SMSC offers a design review service for customer schematic
and PCB layouts after registration on their website. Note: This design check service does not list USB PHY
devices (only LAN Devices), but the SMSC team will consider and reply to design review requests for USB

PHY devices too.

ZYNQ PHY Pins
Pins

MI030..39  ULPI
REFCLK
REFSEL[0..2]
RESETB
CLKOUT

DP,DM

CPEN
VBUS

SPK_L
SPK_R

USBO_OC -

B2B Name

OTG-D_N,
OTG-D_N

VBUS_V_EN

USB-VBUS

Notes

Zyng USBO MIO pins are connected to the PHY

52MHz from MEMS oscillator

000 GND, select 52MHz reference Clock

Connected to SC

Connected to 1.8V selects reference clock operation mode

USB Data lines

External USB power switch active high enable signal

Connect to USB VBUS via a series resistor. Check reference schematic
Connected to SC

Connected to SC

Over current detection from external power switch. If desired it can be muxed to an MIO or
FPGA 1/O pin via EMIO

The schematic for the USB connector and required components is different depending on the USB usage.
USB standard A or B connectors can be used for Host or Device modes. A Mini USB connector can be used
for USB Device mode. A USB Micro connector can be used for Device mode, OTG Mode or Host Mode.

% The same schematic can not support all possible modes and be fully USB Specification Compliant.
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SPI Flash

Programming

TEOQ720-02 uses Spansion S25FL256S0 Flash that is fully supported by all Xilinx Tools.

TEO0720-01 uses Winbond W25Q256 Flash that is supported by Xilinx SDK 2013.4 and 2014.1 (it is not
supported by Impact 14.7 or Vivado Programmer 2014).
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Board-level Interfaces

Figure 5: Overview: TEQ720 Board-level Interfaces

1 Note: The DDR3 SDRAM size depends on assembly option.
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Zynq SoM: Multiplexed I/O (MIO) Assignments

Bank B2B I/O (LVDS Pairs)

MIOO 8
MIO1 6

B13 50 (24)
B33  18(9)
B34 36 (18)
B35 48 (24)

Total 166 (75)

VCC I/O Bank

3.3V Fixed

1.8V Fixed

1.2 - 3.3V User Adj.

1.2 - 3.3V User Adj.

1.5 - 3.3V User Adj.

1.2 - 3.3V User Adj.

TEO720 User Manual

1/0 Bank VREF

n/a

0.9V Fixed

Revision: 0.2

If a user 1/O is used as a Vref pin then the pins available will be reduced.

User supplied, extra pin

User supplied, extra pin

If used need supply to regular I/O pins, reduces 1/O count

MIO Bank 1 pins are used by the SDIOO core which is required for the SD card boot. A bootable SD card
must be connected to these pins.

& MIO Bank 1 pins are powered from 1.8V. So if using a normal SD card then an external level shifter
is required.

MIO Bank 0 Usage

There are 8 PS MIO pins from Bank 0 available. They can be configured to be connected to different Zynq
PS Peripherals.

MIO0

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

QSPI1

MIO9

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

QSPI

MIO10
12C0 SCL
TDI

12C0 SCL
CANO
CANO
12C0
GPIO
SDIO1
SD

SPI1

QSPI1

MIO11

12C0 SDA

TDO

12C0 SDA

CANO

CANO

12C0

GPIO

SDIO1

SD

SPI1

QSPI1

MIO12

UART1

TCK

CAN1

UART1

CAN1

12C1

GPIO

SDIO1

SD

SPI1

QSPI1

MIO13

UART1

T™MS

CAN1

UART1

CAN1

12C1

GPIO

SDIO1

GPIO

SPI

QSPI1

MIO14

UARTO

UARTO

UARTO

UARTO

UARTO

UARTO

GPIO

SDIO1

UARTO

UARTO

UARTO

MIO15

UARTO

UARTO

UARTO

UARTO

UARTO

UARTO

GPIO

SDIO1

UARTO

UARTO

UARTO

Comment

2x UART + 12C (Recommended configuration)
ARM Debug with UART

UART + CAN + 12C

2x UART + CAN

UART + 2x CAN

UART + 2x 12C

8 bit GPIO

SD/SDIO (not bootable)

SD/MMC in 1 bit mode with UART
SPI and UART

Quad SPI and UART

Example MIO configuration for Bank 0 User I/O. When a PS peripheral is not mapped to a MIO pin it can be
used via the Zyng FPGA PL Fabric by using the EMIO interface (Quad SPI is not available via EMIO).
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Compatibility with TEO7xx series

To be compatible with TEQ770 and other TEO7xx series modules that have gigabit transceivers, the B34 pins
that are dedicated pins on those modules should not be used.
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12C Peripherals

TEO720 User Manual

Revision: 0.2

All on-board 12C devices are on a shared bus connected to the System Management Controller. This bus is
not available directly to the Zynq PS when the PL is not configured.

It is recommended to map PS 12C1 via EMIO to this I12C bus.

Binary

1101111x
1010111x
0011110x
0011000x

0100001x

0111001x
0111000x
0111111x

0111100x

Hex

DE

AO

3C

30

42

72

70

7E

78

HEX >>1 Device

6F

57

1E

18

20

21

22

23

39

38

3F

3C

RTC Registers

Battery backup RAM
Magnetometer
Accelerometer

System Controller
System Controller
Carrier Controller
Carrier Controller
ADV7511 Registers
ADV7511 Packet Memory
ADV7511 EDID Memory

ADV7511 CEC Memory

I2C Testing with U-Boot

U-Boot can be used as simple 12C test tool.

zyng-uboot> i2c probe 0 7f

Notes

inRTCIC

MEMS IC

MEMS IC

Emulated 12C GPIO Extender
Emulated 12C GPIO Extender
on TEO701

on TEO701

on TEO701

on TEO701, can be changed
on TEO701, can be changed

on TEO701, can be changed

Valid chip addresses: 1E 20 21 22 38 39 3C 3E 3F 57 6F

Example 12C address scan, RTC, MEMS, ADV7513, System Controller and Carried Controller addresses
are detected.
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High-Speed 1/O

TEO720 module is based on the Zynqg 7020 which doesn't have any Gigabit transceivers. However in many
cases it is possible to use serial links up to 1.25 GBit/s using FPGA 1/O resources. Those serial interfaces
can be implemented in any FPGA 1/O bank when paying attention to the clocking requirements (clock
regions).

SGMII (1.25 Ghit/s) can be implemented with FPGA I/O pins as described in Xilinx XAPP523.
High-speed serial interface ADC converters can be used as described in Xilinx XAPP524.

SGMII (SFP copper or fiber) can be used directly with the Ethernet PHY, as the SGMII pins are available in
JM3.
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Board-to-Board Connectors

& These connectors are hermaphroditic. Odd pin numbers on the module are connected to even pin
numbers on the baseboard and vice versa.

GigaZee uses three Samtec Razor Beam LSHM connectors (TOP, BOTTOM and LEFT) on the bottom side.

®* Top and Bottom:LSHM-150-04.0-L-DV-A-S-K-TR (100 pins, "50" per row)
¢ Left: LSHM-130-04.0-L-DV-A-S-K-TR (60 pins, "30" per row)

When using the same type on baseboard the mating height is 8mm. Other mating heights are possible by
using connectors with a different height:

Connector on baseboard Mating height

LSHM-1x0-02.5-L-DV-A-S-K-TR = 6.5 mm

LSHM-1x0-03.0-L-DV-A-S-K-TR 7.0 mm

LSHM-1x0-04.0-L-DV-A-S-K-TR = 8.0 mm

LSHM-1x0-06.0-L-DV-A-S-K-TR ~ 10.0mm

Other connectors can be assembled on the module on request.

The LSHM connector speed rating depends on the stacking height; please see the following table:
Stacking height Speed rating
12 mm, Single-Ended = 7.5 GHz / 15 Gbps
12 mm, Differential 6.5 GHz / 13 Gbps

5 mm, Single-Ended  11.5 GHz / 23 Gbps

5 mm, Differential 7.9 GHz / 14 Gbps

Mechanical Ratings:

® Shock: 100G, 6 ms Sine
® Vibration: 7.5G random, 3 hours 3 axis

Manufacturer Documentation:

Name Version Date

LSHM-1XX-XX.X-X-DV-A-X-X-TR-FOOTPRINT(1).pdf 1 2013-11-28 16:54
LSHM-1XX-XX.X-XX-DV-A-X-X-TR-MKT.pdf 1 2013-11-28 16:56
TC0923--2523_report_Rev_2_qua.pdf 1 2013-11-28 16:55
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Name Version Date
hsc-report_Ishm-Ishm-05mm_web.pdf 1 2013-11-28 16:56
Ishm_dv.pdf 1 2013-11-28 16:56
tc0929--2611_qua(1).pdf 1 2013-11-28 16:55
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Pinout

Connector left
Edit Document

Pin

11

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

45

47

49

51

53

55

57

Net
SOUT_N
SOUT_P
GND
B34_L7_P
B34_L7_N
GND

B34 L2 P
B34 L2 N
GND
B34 L4 P
B34_L4 N
GND
B34_L5_P
B34_L5 N
GND
B34_L12_P
B34_L12_N
GND
B34_L8 P
B34_L8_N
B34 L9 P
B34_L9 N
GND

OTG D+
OTG D-
OTG ID
VBUS_V_EN
USB_VBUS

B34_L22 P

Type
SGMIL_TX

SGMII_TX

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO_CC

DIFFIO_CC

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

Bank

34

34

34

34

34

34

34

34

34

34

34

34

34

34

34

FPGA

Ji8

K18

J16

Ji7

L17

M17

N17

N18

L18

L19

J21

J22

J20

K21

R19
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59 B34_L22 N  DIFFIO 34 T19
2 SIN_N SGMII_RX

4  SIN_P SGMII_RX

6 GND

8 B34_L1P  DIFFIO 34 J15
10 B34 L1 N DIFFIO 34 K15
12 GND

14 B34 118 P DIFFIO 34 P20
16 B34_L18_ N  DIFFIO 34 P21
18 GND

20 B34_L20 P DIFFIO_CC 34 P17

22 B34_L20_N DIFFIO_CC 34 P18

24  GND
26 B34_L10_P DIFFIO 34 L21
28 B34_L10_N DIFFIO 34 L22
30 GND

32 B34_L13_P DIFFIO_CC 34 M19

34 B34_L13_N DIFFIO_CC 34 M20

36 GND

38 B34_L21 P DIFFIO 34 T16
40 B34_L21 N DIFFIO 34 T17
42 B34_L15 P DIFFIO 34 M21
44 B34 _L15 N DIFFIO 34 M22
46 GND

48 B34_L17_P DIFFIO 34 R20
50 B34_L17_N DIFFIO 34 R21
52 B34_L23_P DIFFIO 34 R18
54 B34_L23_N DIFFIO 34 T18

56 B34_VREF I0_VREF 34 M16/P15
58 B34_L14_P DIFFIO_CC 34 N19

60 B34_L14_N DIFFIO_CC 34 N20

Connector top

Edit Document
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Pin  Net

1 VCCIO34
3 VCClo34
5  VCCIO33
7 vccio13
9  vcclo13
11  B33_L7_P
13 B33_L7_N
15 B33 L8 P
17 B33_L8_N
19 15V

21 B33 _L11 P
23 B33_L11N
25 B33_L12_P
27 B33_L12 N
29  B33_VREF
31 B33_L17_P
33  B33_L17_N
35 B33_L18_P
37 B33 _L18 N
39  GND

41 BI13_L7_P
43  BI13_L7_N
45 B13_L8_P
47 B13_L8_N
49 GND

51  B13_L11_P
53 B13_L11 N
55  B13_L9_P
57  B13_L9_N
59  GND

61 B13_L20_P
63 B13_L20_N
65 B13_L17_P

Copyright © 2014 Trenz Electronic GmbH

Type

1/0 Supply
1/0 Supply
1/0 Supply
1/0 Supply
1/0 Supply
DIFFIO
DIFFIO
DIFFIO
DIFFIO

(6]
DIFFIO_CC
DIFFIO_CC
DIFFIO_CC
DIFFIO_CC
I0_VREF
DIFFIO
DIFFIO
DIFFIO

DIFFIO

DIFFIO
DIFFIO
DIFFIO

DIFFIO

DIFFIO_CC
DIFFIO_CC
DIFFIO

DIFFIO

DIFFIO
DIFFIO

DIFFIO

Bank FPGA
34

34

33

13

13

33 AA22
33 AB22
33 AA21
33 AB21
33 Y19
33 AA19
33 Y18
33 AA18
33 V19/V15
33 AA17
33 AB17
33 AA16
33 AB16
13 AA12
13 AB12
13 AA1l
13 AB11
13 AA9
13 AA8
13 AB10
13 AB9
13 T4

13 U4
13 AB7

TEO720 User Manual
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67 B13_L17_N
69 GND
71  B13_L16_P
73  B13_L16_N
75  B13_L18_P
77  B13_L18_N
79  GND
81 B13_L15_P
83  B13_L15_N
85 B13_L21_P
87 B13_L21_N
89  B13_l025

91 VREF_JTAG

93 TMS
95 TDI
97 TDO
99 TCK
2 VIN
4 VIN
6 VIN
8 VIN
10 3.3V
12 3.3V

14 B33 L4 P
16  B33_L4 N
18  RESIN

20 GND

22  B33_L13_P
24  B33_L13_N
26 B33 114 P
28  B33_L14_N
30 GND

32 B13_L5_P

34 B13 L5 N

Copyright © 2014 Trenz Electronic GmbH

DIFFIO

DIFFIO
DIFFIO
DIFFIO

DIFFIO

DIFFIO
DIFFIO
DIFFIO
DIFFIO
10
03.3Vv
JTAG
JTAG
JTAG

JTAG

Power input
Power input
Power input
Power input
(e}

(e}

DIFFIO
DIFFIO

Reset input

DIFFIO_CC
DIFFIO_CC
DIFFIO_CC

DIFFIO_CC

DIFFIO

DIFFIO

13

13

13

13

13

13

13

13

13

13

33

33

33

33

33

33

13

13

AB6

ABS5

AB4

Y4

AA4

AB2

AB1

V5

V4

u7

W20

w21

w17

w18

w16

Y16

u12

Uil
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36 B13_L6_P
38  B13_L6_N
40 GND

42  B13 L1 P
44  B13_L1N
46 B13_L12 P
48  B13_L12 N
50 GND

52  B13_L14_P
54 B13_L14_N
56  B13_L13_P
58  B13_L13_N
60 GND

62 B13_L4_P
64 B13_L4 N
66 B13_L3_P
68  B13_L3_N
70 GND

72 B13_L10_P
74  B13_L10_N
76  B13_L2_P
78  B13_L2_N
80  GND

82 B13_L23_P
84 B13_L23_N
86 B13_L24 P
88  B13_L24_N
90  GND

92  B13_L19 P
94  B13_L19_N
96 B13_L22_P
98  B13_L22_N
100 B13_100

DIFFIO

DIFFIO

DIFFIO
DIFFIO
DIFFIO_CC

DIFFIO_CC

DIFFIO_CC
DIFFIO_CC
DIFFIO_CC

DIFFIO_CC

DIFFIO
DIFFIO
DIFFIO

DIFFIO

DIFFIO
DIFFIO
DIFFIO

DIFFIO

DIFFIO
DIFFIO
DIFFIO

DIFFIO

DIFFIO
DIFFIO
DIFFIO
DIFFIO

10

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

u10

U9

V10

V9

Y9

Y8

AAT

AAG

Y6

Y5

V12

w12

wil

w10

Y11

Y10

V8

W8

V7

w7

W6

W5

R6

T6

U6

us

R7
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Connector bottom
Edit Document

Pin  Net Type Bank FPGA
1 VIN Power input

3 VIN Power input

5 VIN Power input

7 NOSEQ input

9 VCCIO35 1/0 Supply

11 VCCIO35 I/0 Supply

13 3.3VIN Power input

15 3.3VIN Power input

17 MIO45 MIO 501 B9
19 MIO44 MIO 501 E13
21 MIO43 MIO 501 B11
23 MIO42 MIO 501 D8
25 MIO41 MIO 501 Cc8
27 MIO40 MIO 501 E14
29 GND

31 B35_L16_N DIFFIO 35 Cc22
33 B35_L16_P DIFFIO 35 D22

35 B35124 N DIFFIO_ADC 35  G22
37 B35124 P  DIFFIO_ADC 35  H22
39 1.8V o

41 B35_L18 N  DIFFIO_ADC 35  B22
43 B35_L18 P  DIFFIO_ADC 35  B21
45 B35_L15 N  DIFFIO_ADC 35  A22
47 B35_L15 P  DIFFIO_ADC 35 A2l
49 B35_122 N DIFFIO_ADC 35  G21
51 B35122 P  DIFFIO_ADC 35 G20
53  GND

55 B35_L17_ N  DIFFIO_ADC 35 D21
57 B35 L17 P  DIFFIO_ADC 35  E21
59 B35_L13_N  DIFFIO_CC 35  B20

61 B35_L13_P DIFFIO_CC 35 B19
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63 GND

65 B35_L14_N

67 B35_L14_P

69 B35 L4 N

71  B35_L4_P

73 GND

75 B35_L12_N

77 B35_L12_P

79 VBAT

81 B35_L20_N

83 B35 L20 P

85 MIO15
87  MIOO
89 GND
91 MIO9
93 MIO11
95 MIO10
97  MIO13
99  MIO12
2 GND

4 PHY_MDIO_P
6  PHY_MDIO_N
8  GND

10  PHY_MDI1_P
12 PHY_MDI1_N
14 NC

16  PHY_MDI2_P
18  PHY_MDI2_N
20  GND

22 PHY_MDI3_P

24 PHY_MDI3_N

26 GND
28 EN1
30 PGOOD

Copyright © 2014 Trenz Electronic GmbH

DIFFIO_CC
DIFFIO_CC
DIFFIO

DIFFIO

DIFFIO_CC
DIFFIO_CC
VBAT input
DIFFIO_ADC
DIFFIO_ADC
MIO

MIO

MIO
MIO
MIO
MIO

MIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

DIFFIO

(0]

35

35

35

35

35

35

35

35

500

500

500

500

500

500

500

C20

D20

Gl6

G15

C19

D18

F19

G19

E6

G6

C4

B4

G7

A6

C5
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32  MODE

34 GND

36 B35_L10_N

38 B35 L10 P

40 B35_L9_N

42  B35_L9_P

44 GND

46  B35_L7_N

48 B35_L7_P

50 B35_L2_N

52 B35_L2_P

54 GND

56  B35_L8_N

58 B35_L8_P

60 B35_L21_N

62 B35_L21_P

64 GND

66 B35_L11_N

68 B35_L11_P

70 B35 _L23_ N

72 B35_L23_P

74  GND

76 B35_L5 N

78  B35_L5_P

80  B35_L3_N

82 B35_L3_P

84  GND

86 B35_L6_N

88 B35_L6_P

90 GND

92 MIO14

94  B35_L1_N

96 B35_L1_P

98  B35_L19_N

Copyright © 2014 Trenz Electronic GmbH

10

DIFFIO_ADC
DIFFIO_ADC
DIFFIO_ADC

DIFFIO_ADC

DIFFIO_ADC
DIFFIO_ADC
DIFFIO_ADC

DIFFIO_ADC

DIFFIO_ADC
DIFFIO_ADC
DIFFIO_ADC

DIFFIO_ADC

DIFFIO_CC
DIFFIO_CC
DIFFIO

DIFFIO

DIFFIO_ADC
DIFFIO_ADC
DIFFIO_ADC

DIFFIO_ADC

DIFFIO

DIFFIO

MIO
DIFFIO_ADC
DIFFIO_ADC

DIFFIO

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

500

35

35

35

A19

A18

Al7

Al6

B15

C15

D17

D16

B17

B16

E20

E19

C18

C17

F22

F21

E18

F18

D15

E15

F17

G17

B6

E16

F16

H20
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100 B35_L19_P DIFFIO 35 H19
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Technical Specifications
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TEO720 Board Dimensions & Attributes

Dimensions

® Module size: 50 mm x 40 mm
® Mating height with standard connectors: 8mm
PCB thinkness: 1.6mm

All dimensions are shown in mm.

Copyright © 2014 Trenz Electronic GmbH Page 71 of 202
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Top View
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& B2B numbers when looking from top onto carrier board will have odd and even numbers swapped.
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Power Supplies

Input Voltage range +/-10% Connector current rating
Vin 33V=+55V max. 8 A
Vin3.3v 33V max. 2 A

©  Vin and Vin 3.3V can be connected to the same source (3.3V).

Temperature Ranges

Commercial grade modules 0 °C + +70 °C

Industrial grade modules -40 °C + +85 °C

Revision: 0.2

. Depending on the customer design, additional cooling might be required.

Weight

16.2 g without bolts

22.4 with bolts screwed to the module

Copyright © 2014 Trenz Electronic GmbH Page 73 of 202
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TEO720 Schematic

The schematic is available for download here: TE0720 (GigaZee) Schematic
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Carrier Boards for TEQ720

TEO701 Carrier Board

The documentation on the TEQ701 Carrier Board can be found in the TEO701 Carrier Board User Manual.
Moreover, in the following sections is described how the TEO701 Carrier Board can be customized by the
Zyng FPGA via the onboard 12C bus and how the interfacing of the TEQ701 peripherals is accomplished
from the TE0720's point of view.

Configuring FMC Power Supply Voltage on TEQ701 via I12C (CPLD
Firmware Rev 0.1)

The FMC power supply on the TEO701 Carrier Board (i.e., FMC_VADJ) is user programmable via I12C. More
precisely, the three output voltage select lines VS0 to VS2 of the Enpirion EN5335Q1 DC-DC converter with
3-pin programmable voltage output are mapped to the CPLD's "I12C-to-GPIO Port Expander"
(VIDO=GPIO_output[4] => VSO0, VID1=GPIO_output[5] => VS1, VID2=GPIO_output[6] => VS2) 8-bit control
register, which can be programmed via the dedicated board-to-board 12C bus (HDMI_SCL, HDMI_SDA) on
the 12C slave address 0x22:

Bit Mapping Description for Output/Write Default

0 PHY_LED2 Enable(=1) / disable(=0) yellow LED of PHY on TEQ701 0b0O

1 reserved 0b0
2 reserved 0b0
3 PG_C2M signal to FMC connector 0b0
4 VIDO =VS0 0b0
5 VID1 =VS1 0bo
6 VID2 =VS2 0bo
7 EN_FMC Enable(=1) / disable(=0) FMC_VADJ voltage 0bO0

Table 2: Pin assignments of the 8-bit "I2C-to-GPIO Port Expander" Control Register

VID [2:0] FMC_VADJ Value
0(000) 3.3V

1(001) 2.5V

2(010) 1.8V

3(011) 15V

4(100)  1.25V

5(101) 1.2V

6(110) 0.8V
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VID [2:0] FMC_VADJ Value
7 (111) reserved
Table 3: VID is the digitally programmable value for the FMC_VADJ

Example: To enable (EN_FMC=1) and set FMC_VADJ to 3.3V (VID[2:0]=000) write 0x80 to 12C address
0x22.

@  The most significant bit of the 8-bit GPIO register (see Table 2) is directly routed to the enable input
of the Enpirion EN53350Q1 DC-DC converter, which is disabled by default.

Reading 12C-to-GPIO Status Register on TEOQ701 CPLD (CPLD Firmware
Rev 0.1)

The CPLD's 8-bit "12C-to-GPIO Port Expander" status register can be read via I12C bus (HDMI_SCL,
HDMI_SDA) on the 12C slave address 0x22:

e -
4= Terminal 1 2 HEREHE B~ X

Serial: (COM3, 115200, 8, 1, None, None - CONNECTED) - Encoding: (ISO-8859-1)
U-Boot 2013.01-00003-g8260280-dirty (Jun 13 2013 - 81:51:50) -

2 ready
DRAM: 1 GiB
WARNING: Caches not enabled [
MMC:  zynqg_sdhci: @ 1

SF: Detected W250Q256 with page size 4 KiB, total 32 MiB
*##% Warning - bad CRC, using default environment

In: serial |
Out: serial 3
Err: serial

Met: Gem.e000bOGO

Hit any key to stop autoboot: @
zyng-uboot> i2c probe |
Valid chip addresses: 1E 20 21 22 38 39 3C 3E 3F 57 6F
zyng-uboot> i2c md 0x22 @

0000 : ff f £ff ff ff £f £f £f £ £+ £ff £f F £ £+ ..._..
zyng-uboot> .

' 1l 3

@ InU-Boota simple 12C test tool can be used (see TE0720 User Manual | 12C Addresses for more
details):

® The 12C command "i2c command" can be used to show all devices on the 12C bus.
® Toread, e.g., register O from 12C device on address 0x22, the command "i2c md 0x22 0" is
used. Note: Only one 8-bit status register is available on the TEO720 CPLD
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Example: Corresponding to the following mapping of the TE0701 CPLD's status register, the returned
register content (0x19=0b00011001) can be interpreted as follows (from LSb upwards): no FMC module
inserted (FMC_RSNT#=1), power ok signal due to disabled FMC power supply off (POK_FMC=0), SD card
is inserted (SD_DETECT#=0), SD card write protection is enabled (SD_WP=1) and the output load on the
USB port has not been exceeded (USB_OC#=1).

Bit

0

Mapping
FMC_RSNT#

POK_FMC

SD_DETECT#
SD_WP

USB_OC#

Description for Output/Write
FMC module inserted? yes=0, no=1

"Power ok" signal from the Enpirion EN5335Q1 DC-DC converter (see TE0O720 User Manual | Carrier Boards for
TEO0720 for more details)

SD Card inserted? yes=0, no=1
Write protection on SD Card enabled? yes=1, no=0

Over current (OC) output of the TPS2051 that limits the output current of the Micro USB port and is pulled low, when
the output load exceeds the current-limit threshold (see TE0O701 Carrier Board User Manual | Configuring Power
Supply of the Micro USB Connector for more details).

reserved
reserved

reserved
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HDMI Interface of TEO720 on TEOQ701 Carrier Board

Zynqg FPGA I/O Pins  Notes
HDMI_CLK N20
HDMI_DE N19
HDMI_VS T19
HDMI_HS R19
HDMI_DO T18
HDMI_D1 R18
HDMI_D2 R21
HDMI_D3 R20
HDMI_D4 M22
HDMI_D5 K21
HDMI_D6 M21
HDMI_D7  J20
HDMI_D8 T17
HDMI_D9 J22
HDMI_D10 T16
HDMI_D11 J21
SDA w21
SCL w20

Interrupt AAl17

CEC_CLK  ABl16 FPGA should emit some suitable clock on this pin if CEC feature is needed
CT_HPD AB17 Drive high for normal operation
LS_OE AA16 Drive high for normal operation
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TEO720 with TE0O603 Carrier

TE0603 was not designed for the TEQ7xx series, so many new functions are not available. TEQ720 will be in
"no power sequencing mode" when inserted into a TEO603 baseboard. For proper operation VCCIO must be
3.3V and supplied by the TE0603. To enable this place a jumper to short pins 1 and 2 in pin header J2.

& TE0603 before Revision -03 please remove R13 or TEQ720 will not boot at all. TE0603-03 do not
need a fix.

Normal boot procedure; all LEDs are on as long as reset is active. At reset deactivation; green LED2 goes
off and very quickly after that green LED3 goes off indicating that the FSBL has loaded the FPGA bitstream
(DONE=1). Red LED1 is blinking fast; this is status indication that QSPI boot mode is selected.

Functions available with TE0603

TE0720
Function

USB
ETH

JTAG

SD Boot

UARTO MIO14,15

SDIO
MIOO pins
FPGA PL I/O

MIO1 pins

TE0603

no
yes, RJ45

Yes, J5 or
J6

no

yes

microSD
J11

pin header
LEDs

yes, J4

Description and notes

Missing 3rd connector on TEO603
There are extra 50 ohm resistors not needed for TE0720

With external JTAG Adapter

Missing pins and SD card level shifter

With external logic level USB UART adapter, pins J3 Pin 37 and 24 - default bootloader and Linux
console

Not connected to usable pins on the TE0720

Possible via EMIO only with PMOD-SD adapter not connected to MIO pins
yes, J3

EMIO or FPGA controlled

4 pins available in J14 (1.8V VCCIO), 2 pins connected to RJ45 LEDs

&  Ethernet will not work in 2000M mode with long brand X cable. Use either a short good quality
cable or remove 8 termination resistors for the ETH PHY on the TEO603. Please be aware that
TEO0600 modules require those terminations, so this modification is only for TEQ720 usage.

This video shows how LED1 and LED2 can be connected (using the System Controller) to the Ethernet
PHY, and how the indicated status changes when swapping from a "bad" cable to a "good" cable.
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UART Console

TEOQ720 standard flash image uses UARTO for console, baudrate 115200, mapped to MIO pins 14, 15.
Those pins are available at J3 pins 24, 37.

pE T - NG

Digilent PmodUSBUART connected to TE0603 for MIO14,MIO15.
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Carrier Board Checklist
Schematic Checklist
1 Are B2B pin numbers on the connectors mirrored As B2B connectors are "unisex" type the do mirror pin numbers when
compared to the module pin numbers? connecting. That is pinl connects to pin2, and pin2 to pinl, etc.
2  Are B2B connectors named JB1, JB2, JB3? This is not a hard requirement, but it helps to use the same identifiers.
3 Are all GND pins connected to a common ground
net?
4 Are all VIN pins connected together?
5 Is JB2 pin 92 pin used as VREF for the JTAG for future compatibility only, currently all modules have 3.3V JTAG

interface?

6  Are external circuits/buffers connecting to MIO bank JB1 pins 18, 20, 22, 24, 26, 28 use voltage at pin 40 as VCCIO. Currently it is
1 pins powered from JB1 pin 40? 1.8V for all released modules.

PCB Checklist

1  Are mounting
holes placed
properly?

2 AreB2B
headers
properly
placed?

3 AreB2B
headers
rotated
properly?

4 Height
clearance
below module

5 Power
dissipation of
components
below module

Four Mounting holes should always be used. They are required for mounting screws and for module extraction. The
mounting holes will also help in dissipating some heat from the module to the carried board PCB. Four holes with a
3.2mm diameter should be placed exactly at the corners of a 37mm by 47mm rectangle.

B2B headers must be placed and aligned very precisely or the module will not align correctly (in the worst case module
insertion could destroy the connectors or the PCB). The B2B headers should be locked on the PCB, and it is
recommended that the position and placement be checked against placement dimensions before submitting the PCB
files.

As B2B header pin numbers differ from module to the carrier (swap of odd and even numbers), it is recommended that
that the rotation is checked in the PCB design.

Components can be placed below the module but height clearance rules must be obeyed.

It is not recommended to place any components with high power dissipation below the module, as there will be almost
no airflow below the module.

Visual Check of Module placement

It is highly recommended to use the Base board Template designs as a starting point for new PCB designs.
If that is not possible, then adding linear dimensions in the design helps to check that all connectors and
mounting holes are properly placed.

. This placement is same for all 4x5 Modules!

Copyright © 2014 Trenz Electronic GmbH Page 81 of 202 http://www.trenz-electronic.de



\\\\
s trenz
° electronlc
0 TEO0720 User Manual Revision: 0.2

g ‘\“ I E

g EE&';L%
@) ."' T|-:07xx-010

Top view of the Carrier Board.

Connector numbers as on base! (pin JB1.1 on base would mate to pin JM1.2 on module).
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Reference Projects

Binary files of the reference projects can be downloaded from the Trenz-Electronic download area.

Full Board Support Packages for Vivado CAN NOT BE CREATED AT THIS TIME. We have filed a
WebCase (990721) and Xilinx has Answer Record AR58180 regarding this. The feature to create
board support packages will hopefully be available with some later Vivado releases, but currently it
is not known in which version. At least it is not confirmed for 2014.1 for sure.
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Working with Reference Projects

~. DEPRECATED - use Vivado/petalinux 2014.2 or newer

Boot Sequence

Reference projects follow the standard Zyng boot sequence:

Step File

0

Base system project files

1 system.bit

2 FSBL.elf

U-Boot project files

3 u-boot.elf

Base system project files

4 boot.bin, boot.mcs

Linux project files

5 ulmage
devicetree.dtb

uramdisk.image.gz

Name

BootROM

Bitstream

FSBL

u-boot

boot file

Linux kernel

Device Tree

Ramdisk

The Zynq boot ROM firmware

® reads boot mode settings,

Description

Zynq boot ROM start up. No user access.

PL bitstream

Standard Zynq First Stage Bootloader

U-Boot Second Stage Bootloader

Zynq boot image

Linux kernel 3.9 wrapped to be used with U-Boot

Linux device tree blob (binary large object)

Linux ramdisk image wrapped to be used with U-Boot

® performs basic configuration,
®* downloads and boots FSBL from the selected boot source.

The TE0720 module supports booting from the on-board QSPI Flash memory and from an external SD

memory card.

Files from steps 1, 2 and 3 are used to create boot.bin or boot.elf images, which are used to initialize the
QSPI Flash memory or an SD memory card.

@ Linux ramdisk image contain base linux system files with network services (ssh, http). Default IP:
192.168.42.50 SSH Password: "1234"
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Projects Build

To build a high level project (like a Linux kernel), several steps should be performed:

Build a base PlanAhead project

Build an FSBL - First Stage Boot Loader

Create an environment on Ubuntu or CentOS Linux to build U-Boot and Linux kernel
Build U-Boot

Build a Linux kernel, a device tree blob and a ramdisk

a M w e
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Base PlanAhead Project

%, DEPRECATED - use Vivado 2014.2 or newer and start with Board Part Interface flow

Run Xilinx PlanAhead 14.5.

x PlanAhead 14.5

Click "Create New Project".

Create New Project

Mew Project Wizard will guide you through the process
of selecting design sources and a target device for
a new project.

Click "Next" to continue.
F T
€] New Project - 25|
Create a New PlanAhead Project
This wizard will guide you through the creation of a new project
@ To create a PlanAhead project you will need to provide a name and a
location for your project files, Mext, you wil specify the type of flow yvou'll be

woarking with, Finally, you will specify your project sources and choose a
default part.

To continue, dick Mext,

< Back

Einish Cancel

Select the project location and click "Next".
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¥ Y
6] New Project - e
Project Name
Enter a name for your project and specify a directory where the project data files will be stored

Project name: | TEQ720-base
Project location: | B:/T Emporary,.‘TED?zﬂ| E]

Create project subdirectory

< Back ][ Mext Einish

M

Click "Next".

¥ T
E Mew Project ‘ ﬁ
Project Type
Spedfy the type of project to create,

i@ RTL Project
~ You will be able to add sources, generate IF, run RTL analysis, synthesis, implementation, design planning
and analysis.

[] Do not spedfy sources at this time

< Back ]| Mext > Finish

Select VHDL as a target language and click "Next".

L

f@] New Project ". ﬁj
Add Sources

Spedfy HOL and netlist files, or directaories containing HOL and netlist files, to add to your project,
Create a new source file on disk and add it to your project. You can also add and create sources

Add sources from subdirectories

Target language: |WVHOL @+

< Back ][ Mext = Finish

L.

Click "Next".
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[€] New Project _“ =)

Add Existing IP (optional)

Specify existing configurable IP, DSP composite, and Embedded composite files to add to your ﬁ_‘#
project.
[ 1 12X

Add Files. .. ] [ Add Directories. ..

Copy sources into project

< Back ]| Mext = | Finish

e

Click "Next".

€] Rew proec —ul
Add Constraints (optional)
Spedfy or create LUCF constraint files for physical and timing constraints,

ag

Add Files. .. ] [ Create File...

Copy constraints files into project

< Back ]| Mext > Finizh

Select your chip using the following filter settings:

L

® Family: Zyng-7000
® Package: clg484
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New Project ——— - n r— =
Default Part
Choose a default Xilinx part or board for your project. This can be changed later. g{\j

Specify Filter

Product categary | All - Package | cdg484 -

@ Boards Eamily | Zyng-7000 « | Speed grade | -2 -
Sub-Family | All Remaining | Tempgrade | C -

Reset All Filters

Search: |Q- |
IfO Fin Available LuT ) Blodk Gh
Bl Count 10Bs Elements R RAMs 1k Transceivers
72020y 442 105400
< | i | =
< Back ][ MNext = ]| Finish | [ Cancel ]

Click "Finish" to create the project.
New Project - — - n | — = 25|

New Project Summary

{q @ A new RTL project named TEQ720-base’ will be created.

& Mo source files or directories will be added. Use Add Sources to add them later.

& Mo Configurable IP files will be added. Use Add Sources to add them later.

& Mo constraints files will be added. Use Add Sources to add them later.

The default part and product family for the new project:
Default Part: xc7z020clg484-2
Product: Zyng-7000

Family: Zyng-7000
Plﬂ I'IAhEﬂd Package: clg4s4

[ < Back ]| MNext = || Firish |[ Cancel

b

Click "Add Sources" in the "Project Manager" tab.
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IJ Project Manager

I

@ Add Sources
1F 1P Catalog

ﬁ Project Settings

TEO720 User Manual

% pla 59| B O | BN =

Revision: 0.2

-5 Constraints (1)
== Simulation Sources (1)
LB sim_1

@ Run Behaw

Add Sources

Specify and/or create source files to add to the project.

Select "Add or Create Embedded Sources" and then click "Next".

-
Add Sources

PlanAhead

2]

Add Sources

This guides you through the process of adding and creating
sources for your project

() Add or Create Constraints

(7 Add or Create Design Sources
(™) Add or Create Simulation Sources
() Add or Create DSP Sources

i@ Add or Create Embedded Sources

i) Add Existing IP

To continue, dick Mext

< Back || Next = || Finish

| [L_cance

Click "Create Sub-Design...
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FE Add Sources ﬁ1

Add or Create Embedded Sources
Specify embedded sub-design units by selecting ¥MP source files g

Id MName  Location

Add Sub-Design... ] [ Create Sub-Design...

Copy sources into project

Mext = Einish

Enter a "Module name" for the Processing System and click "OK".

L

F B
E Create embedded source ﬁ

—

@ Create a new embedded source and add it to your project

R -4

Module name: | ps|

Click "Finish".
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FE Add Sources l&1

Add or Create Embedded Sources

Specify embedded sub-design units by selecting ¥MP source files g\

Id Mame Location
1 ps.xmp  B:\Temporary \TEO720VTEON720-base \TEO720-base, sres\sources_1

] 1 [ v 3

Add Sub-Design... ] | Create Sub-Design... |

Copy sources into project

Mext = Einish ] [ Cancel ]
Click "Yes" to add Processing System7 instance to the system.

# | Platform Studio |

.

L

This project appears to be a blank Zyng project. Do you want to add Processing
Systern? instance to the system?

.

Download TE0720-01_a.xml from the Trenz Electronic Download Area.

Click "Import" in the Xilinx Platform Studio window.

-

-
Import

Click "+" to add a path to the downloaded xml file.

Select TE0720-01_a.xml from the list and click "OK".
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& Import Zyn;l Pro_c:!.sing SyslenTCunﬁﬂurationsI T ow p—— - M

Select Configuration Template
|| System Template (Configurations available in the installed area) :

ZCT02 Development Board Template

ZedBoard Development Board Template
ZCT06 Development Board Template

User Template (Configurations created by User) : 1

TEOT20-01_axml

] =]

»
E— 0 W

Summary of selected Configuration:

Description e

Basic configuration for TEO720-01 module

m

| | Preset Info

Device Size xc7z020
Package cg464
Speed Grade -2

i | Zynq PS configuration i
I |Periphera||5tatus tﬁgnal(;ruup| MIO | Freq |
[CAND Enabled | default EMIO [100. 000000
canL Enabled | default EMIO [100. 000000
ENETO Enabled |default MIO 16 .. 27 [1000 MBPS

| | GRP_MDIO |MIO 52.. 53|

ENETT | Disabled | [ [

GPIO Enabled | default MIO [ -

ok || cancel || Hep

Click "Yes".

| @ Platform Studio ————— g

p

W% Zyng Processing System Configurations are going to be imported from
w0 Vwsllrdatahalexander\DownloadshTEOT20-01_a.xml file, Zyng MIO
Configurations and Design (MHS) will be updated accordingly.
Do you want to continue? I

| = [ m

Select the "Ports" tab in "System Assembly View". Open processing_system7_0->IIC_1 and configure
[2C1_SDA_I, 12C1_SDA O, I2C1_SDA_T, I2C1_SCL_l, 12C1_SCL_O and I12C1_SCL_T as "External Ports".
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= {(I0_IF) IC 1 Connected to External Ports E|
RC1_SDA T External Ports::processing_system?_0_12C1_SDA T pin _.fi I
1 _sDa O External Ports::processing_system7_0_12C1_SDA_O_pin _.f 8]
RC1_SDA T External Ports::processing_system?_0_12C1_SDA_T_pin _.fi ]
1 _SCLI External Ports::processing_system?_0_I12C1_SCL_I pin _.f I
RC1_SCL_O External Ports::processing_system?_0_12C1_SCL_O_pin _.fi ]
RC1 SCLT External Ports::processing_system?_0_12C1_SCL_T_pin _.f 8]
12C1_SDA # 10
RC1_SCL S 10

Select the "Ports" tab in "System Assembly View". Open processing system7 _0->GPIO_0 and configure
GPIO_I, GPIO_O and GPIO_T as "External Ports".

= [I0_IF) GPIC 0 Connected to External Ports =
GPIO I External Ports::processing_systern?_0_GPIO_I pin _!; I [31:0]
GPIO_O External Ports:processing_systern?_0_GPIO_O_pin _,{ 0] [31:0]
GPIO T External Ports:processing_systern7_0_GPIO_T_pin _!; 0 [31:0]
GPIO 210 [31:0]
T TEY RACKRATIDY N I v e +mel bm D =l Mk | —

Run Hardware -> Generate Netlist from the main menu.

Del::lug Window Help

E ;! Create or Import Peripheral...

#€ Configure Coprocessor...
] Launch Clock Wizard...

E}' Check and View Core Licenses...

[ ffi Clean Netlist

Wait for the synthesis to complete and close "Xilinx Platform Studio".

Starting from this point, we are going to create a custom PS wrapper which communicates with the PS via
the EMIO interface and pass I2C signals and one GPIO pin to the on-board CPLD chip.

Inside the CPLD,an I2C switch controlled by a GPIO pin is implemented.

Right-click on the created PS (ps.xmp) file and select "Create Top HDL".
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Sources — 0O 2 =
oy G x =
= = ek R &

-7 Design Sources (1) =

i .E =.‘ W‘ T
G- Constraints (1] & 5ource Node Properties... Strg+E

Iél--i.-f.' Simulation Soul 3 Open File Alt+0
&0 sim_1 (1)
Create Top HDL

View Instantiation Ternplate
Create Testbench

Generate Output Products...
Reset Output Products...
Export Hardware for SDE...

Alt+I

o — — — —

Open the created "ps_stub.vhd" and make the following changes; alternatively, you can replace the created
ps_stub.vhd with that contained in the TE0720-01-Base.zip archive from the Trenz Electronic Download
Area.

Comment external 12C1 and GPIO signals and add CPLD signals to the ps_stub entity.

-- processing_system7 0 _12C1_SDA | pin : in std_logic;

-- processing_system7 0 _12C1_SDA O_pin : out std_logic;

-- processing_system7 0 _I12C1_SDA T pin : out std_logic;

-- processing_system7 0 _12C1_SCL | pin : in std_logic;

-- processing_system7 0 _12C1_SCL_O_pin : out std_logic;

-- processing_system7 0 _[12C1_SCL_T pin : out std_logic;

-- processing_system7 _0_GPIO_| _pin : in std_logic _vector(31 downto 0);
-- processing_system7_0_GPIO_O_pin : out std_logic_vector(31 downto 0);
-- processing_system7 _0_GPIO_T pin : out std_logic vector(31 downto 0)
-- 12C - CPLD connection

X5 :in STD_LOGIC; -- i2c_sda_in

X7 :out STD _LOGIC; -- i2c_sda_out

X0 : out STD_LOGIC; -- i2c_sw

X1 :out STD LOGIC, -- i2c_scl_out
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- 12C TE0701

B33 L4 P :inout STD_LOGIC; -- TEO701 SCL
B33 L4 N :inout STD_LOGIC -- TEO701 SDA
);

end ps_stub;

Add signals to the architecture section.

attribute BOX_TYPE : STRING;

attribute BOX_TYPE of ps : component is "user_black _box";
signal ps_i2c_sda i: STD _LOGIC;

signal ps_i2c_sda o : STD_LOGIC;

signal ps_i2c_sda t: STD_LOGIC;

signal ps_i2c_scl i: STD _LOGIC;

signal ps_i2c_scl o : STD_LOGIC;

signal ps_i2c_scl t: STD LOGIC;

signal gpio_i : STD _LOGIC _VECTOR(31 downto 0);

signal gpio_o : STD_LOGIC_VECTOR(31 downto 0);

signal gpio_t : STD_LOGIC_VECTOR(31 downto 0);

begin

Edit the PS mapping.

processing _system7 0 _12C1_SDA | pin =>ps_i2c_sda i,
processing_system7 0 _[12C1_SDA O pin =>ps _i2c_sda_o,
processing _system7 0 _12C1_SDA T pin =>ps_i2c_sda_t,
processing system7 0 _12C1_SCL | pin =>ps_i2c_scl |,
processing_system7_0_[12C1_SCL_O_pin => ps_i2c_scl_o,
processing _system7 0 _12C1_SCL T pin =>ps_i2c_sda_t,
processing_system7_0_GPIO_|_pin => gpio_i,

processing_system7_0_GPIO_O_pin => gpio_o,
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processing_system7_0_GPIO_T_pin => gpio_t
),.
Add "glue” logic to the architecture section.

gpio_i <= x"12345678"; -- Stub for GPIO input signals

X0 <= not gpio_o(0), -- 12C bus switch control signal
ps_i2c_sda_i <= X5 and B33 L4 _N; -- SDA in

ps_i2c_scl i <=ps_i2c_scl_o or ps_i2c_scl_t; -- SCL feedback

X7 <=ps_i2c_sda o orps_i2c_sda t; -- CPLD SDA

X1 <=ps_i2c _scl o orps i2c_scl t;-- CPLD SCL

B33 L4 P <=ps i2c_scl oorps_i2c_scl t; -- TEO701 SCL

Save the file.

Click "Add Sources" in the "Project Manager" tab.

W s F @a | B =
4 Project Manager
%’ Sl eiEel L | Constraints (1)
Q‘rﬁ' Add Sources Eli—' Simulation Sources (1)
L sim_1
L F 1P Catalog

@ Run Behay{ Add Sources

Specify and/or create source files to add to the project.

Select "Add or Create Constraints" and click "Next".
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r Add Sources u1

Add Sources

This guides you through the process of adding
and creating sources for your project

(@ Add or Create Constraints
(") Add or Create Design Sources
() Add or Create Simulation Sources

(™) Add or Create DSP Sources

(") Add or Create Embedded Sources

() Add Existing IP

PlanAhead To continue, dlick Next

| <Back | Next> | FEnsh | [ Cancel

Click "Add Files..." and select TE0720-01_base.ucf contained in the TE0720-01-Base.zip archive from the
Trenz Electronic Download Area.

r Add Sources g1

Add or Create Constraints
Spedfy or create constraint files for physical and timing

constraint to add to your project,

Specify constraint set: | i constrs_1 (active) - |
ConstraintFile  Location E3
B
[ Add Files... ][ Create File... ]
[7] Copy constraints fles into praject
[ < Back ]| Next> || Ensh | [ Cancel |

Press "Generate Bitstream".

| Generate Bitstream

Press "OK" to close the warning window.
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E Launch Run Critical Messages [éj

h There were 3 critical warning messages launching implementation run.

Messages

(1 [Constraints 15-5] Cannot loc instance
'processing_system7_0_PS_PORE_pin_IBUF' at site BS, Site location u
iz not valid [B:/Temporary/TEQ720/TENT20-base, TEOD720-base.
ercsfsources_1fedk/ps fimplementation,ps_processing_system7_0_wrapp
ncf; 154]

(I [Constraints 15-5] Cannot loc instance
'processing_system7_0_PS_SRSTE_pin_IBUF at site C3, Site location
is not valid [B: /Temporary /TEQT20,/TEQ720-base/TEOT20-base.
srcsfsources_1fedk/ps implementation/ps_processing_system7_0_wrapp
ncf: 155]

() IConstraints 18-51 Cannot loc instance =

L]

m

1

[ (04 H Cancel Run H Qpen Messages View ]

L

Wait for the operation to complete.
Click "Open Implemented Design".
i Eﬁ?‘ Open Implemented Design
Right click on the PS block and select "Export Hardware for SDK...".

| Implemented Design - xc7z020clg484-2 (active)

Sources (|

ls
*

EPn
A= 2k R el
=& Design Sources (1)

E}---@-,‘*, ps_stub - STRUCTURE [p=_stub,vhd) (1)

m =
e |

- Constraints (1) &  Source Mode Properties... Strg+E
EI--1.-—_.' Simulation Sc?urces (1) ¥ Open File Al+0
[F-@ sim_1 (1)

Go Te Instantiation F7
&

Create Top HDL

View Instantiation Template

Create Testbench

Generate Output Products...

Reset Output Products...

Export Hardware for SDE...

Select "Include bitstream", "Export Hardware" and "Launch SDK" and press "OK".
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¢ | Export Hardware fo =X

e e

| Export hardware platform for SDE.

Options

Source: ¥l ps.xmp
Export to: | B0 <Local to Project

Workspace: | G0 <Local to Project’
Indude bitstream (Mote: an implemented design must be loaded)

Export Hardware

This step completes the base system build process. The next step describes how to build an FSBL.
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Base XPS Project

. DEPRECATED - use Vivado 2014.2 or newer and start with Board Part Interface flow

Clone the base project from the following Trenz Electronic GitHub repository.
git clone git://github.com/Trenz-Electronic/TE0720-GigaZee-Reference-Designs.git

Or just click on "Download ZIP" to download the full project archive without the need to use git.

Run Xilinx XPS 14.5.

o7
i
[d

Kilinx Platform
Studio 14.5

Click "Open Project".

=]
Open Project

Open a previously created project

Select "system.xmp" from the project folder and clock "Open".

& Open Existing Project . | ? -
Look in: | BR\GIT\TEOT20-GigaZee-Reference-Designs\GigaZee_¥P514,5-Base IEI o 9 Q E]
yA My Computer | _Hps | sw_export
. data 7 systemamp
R& | etc
. implementation
| pcores

. ready_for_download

File name: system.xmp Open

Files of type: |Platform Studio Project (*.xmp) |E|
L

Click "Export Design" to build the project and export the result to Xilinx SDK.

og

Export Design
Click "Export & Launch SDK".
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#_| Export to SDK / Launch SDK

|9

@ This dialog allows you to export hardware
platform information to be used in SDK.

Indude bitstream and BMM file

(%P5 wil regenerate bitstream if necessary,
and it may take some time to finish.)

|| Directory location for hardware description files

I 720-GigaZes-Reference-Designs\GigaZes _XP5 14, 5-Base\SDK\SDE_Export

——
|

[E}q:u::nrtlljnlyI J ’Export&Launch SDK] ’ Cancel ] ’ Help

B“"-- ke

Revision: 0.2

After build, the project will be opened in SDK. The next step is building the First Stage BootLoader.
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FSBL - First Stage Boot Loader

. DEPRECATED - use Vivado 2014.2 or newer

Vivado 2013.4 FSBL

& In 2013.4 much more error detection is added to the FSBL and the handling of those conditions
has been changed by Xilinx. This makes it possible that incorrectly generated 2013.4 FSBL does
lock-up and prevents any access to JTAG and SPI Flash (if SPI bootmode is selected).
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01-03 boot...
nx First Stage Boot Loader

Eelease 2013.4 Jan 14 2014-09:56:54
Devcfg driver initialized
S5ilicon Version 3.1
Boot mode i=s QSPI
5ingle Flash Information
FlashID=0xEF 0x40 0x19
WINBCHD 256M Eits
RSPI i=s in single flash connection
RSPI Init Done
Flash Base hddress: 0xFCO00000
Eeboot status register: 0xe0
Multiboot Register: 0x0000C000
Image Start hddress:
Partition Header Off=set:0x00000CE0
Partition Count: 2
Partition Number: 1
Header Dump
Image Word Len: O0x000F&ECO
Data Word Len: O0x000F&EEF
Partition Word Len:0x000F6ECO
Load Addr:
Exec Addr:
Partition Start: 0x000065D0
Partition ATCtr:
Partition Checksum Offset:

:5tatusBeg =
rdevice ready
:Clear done
Lewvel Shifter Value = 0xi
Devcfg Status register =
PCAP:Fabric is Initialized done
PCAP register dump:
PCAP CTEL
PCAP LOCE OxF3007004:
PCAP CONFIG OxFE8007008:
PCAP ISR 0OxFB80O0700C:
PCAP IME O0xF8007
PCAP STATUS OxF&80
PCAP DML SRC ADDR
PCAP DML T ADDE OxFE 701C: OXFFFFFFFF
PCAP DML LEN OxFBO07020: Ox000F&ECO
PCAP DML LEN 024: O0x000F&EEF
PCAP ERCM . 80 OxFFFFFFFF
BCAP MBOOT 02C: O0=x0000CO0O0
PCAP SW ID OxF800
PCAP UMLOCE OxFS8
PCAP MCTRL O0OxFE80

]
1

=

L

o
v o
F

=
=1

s
L
d

DM Done

FPGELR Done
In FeblHookAfterBitstreamDload function
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This is FSBL bootlog on TE0701-03 with TE0720, no manual changes made to the FSBL. SPI flash
programmed using Xilinx SDK Flash Programmer. Image includes only FSBL and empty BIT file for FPGA,
so all it does is FPGA configuration (done LED goes OFF), and JTAG handoff, enabling all JTAG access.

Creating FSBL

The standard Zyng-7000 FSBL can be used to boot the TE0720 SoM. Unfortunately, SD Card Detect and
Write Protect settings in the system configuration is not correctly processed by Xilinx XPS and the generated
ps7_init.c file does not contain Card Detect and Write Protect pin configuration code. To make the SD
memory card work, apply the patch below or connect the MIOO pin to ground (default configuration for the
Card Detect pin).

The creation of an FSBL requires a base PlanAhead project to be completed and a hardware structure to be
exported to SDK (see last steps of the previous Base PlanAhead Project page).

Open the Xilinx SDK and close the "Welcome" tab.

@ C/C=+ - Xilinx SDK =S

File Edit Source Refactor Mavigate Search Run  Project  Xilinx Tools Window Help

O Welcome i3 {ey £ a8

& Xilinx SDK

m

Kilinx SDK is based on Eclipse 3.8 and COT 8.1.1. See what's new in SDK.

New to SDK?

You can get started by clicking File -= New -» Application Project
Crwatch a 5 minute screencast demonstrating the basic features:

-]

I I

b

Select File -> New -> Application Project.
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() C/C++ - ps_hw_platform/systemaml - Xiline SDK

File] Edit Source Refactor Mavigate Search Run  Project  Xilink Teols Window  Help
Mew Alt+5hift+MN » Makefile Project with Existing Code
Open File... C++ Project

N :
Close Ctrl+W C Project
Close Al CtrieShifts\y |5 Application Project
if, Board Support Package

Save Ctrl+5 F%  Project..
Cares Ac

Specify the "Project name" as "FSBL" and the "Board Support Package" as "FSBL_bsp". Click "Next".

-
Mew Project L@g

Application Project .
Create a managed make application project. &

Project name: FSBLI

Uze default location

Location: | BATemporan\ TED7200\TEDT 20-base\ TEDT 20-base.sdiASDKNSL Browse...

Choose file systern: | default

Target Hardware

Hardware Platform [ps_hw_platform v]
Processor [ psi_cortexad 0 - ]
Target Software

05 Platform ’standalone v]
Language @ C O Cre

Board Support Package @ Create New  FSBL_bsp

Use existing

@ < Back Ned> || Finish || Cancel

e

Select the "Zynq FSBL" template and click "Finish".
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Mew Project LI—I—JEI S
Templates ~
Create one of the available templates to generate a fully-functicning @
application project.
Available Templates:
Dhrystone First Stage Bootleader (FSEL) for Zyng. -
Ermnpty Application The FSBL configures the FPGA with HW
Hello World bit stream (if it exists) and loads the
IwIP Echo Server Operating Systern (05) Image or
Mernory Tests Standalene (54) Image or 2nd 5tage Boot

Peripheral Tests Loader image from the non-velatile
AT T merory (NAND/NOR/QSP]) to RAM
(DDR) and starts executing it. It supports
multiple partitions, and each partition

can be a code image or a bit strearn.

® Mext = Einish ] ’ Cancel

Wait for the build to complete.

If your carrier board doesn't have SD "Card Detect" and "Write Protect” signals, then you have to disable
them to make booting from the SD memory card possible.

Insert the following instructions after function "SlcrUnlock();" in "main.c".

*((u32 *)0xF8000830) = OxO03F003F; // SDO CD and WP to EMIO63

*((u32 *)0xF8000834) = 0x003F003F, // SD1 CD and WP to EMIO63

This way, the SD "Card Detect" and "Write Protect" signals are connected to EMIO63, which should always
be bound to logical 0 or left unconnected (floating).
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K|__i systemn.ml ﬁi’.'. system.mss (@ main.c 4

f#telse

]

* PCW initialization for MIO,PLL,CLK and DDR

£

ps .?_in it();
#endif

S

* Unlock SLCR for SLCR register write

*

SlerUnlock();
*((u32 *)exF3000e330) = Bxe@3Fee3F; // sSD@ CD and WP to EMIOES
*((u32 *)exF3600334) = Gx@@3FeR3F; // SDL CD and WP to EMIOES

/* If Performance measurement is required

Save the modified file "main.c": File -> Save; the project will be automatically rebuilt.

Select the "FSBL" project from the "Project Explorer" panel and run Xilinx Tools -> Create Zynq Boot
Image.

C/C++ - FSBL_bsp/system.mss - Xilinx SDK . B B

File Edit Source Refactor MNavigate Search Run  Project EKiIim{Tools Window Help

- - - [= - -~ [&F - enerate linker script
i Q- G- F-rgh 6 linker scrip
= e — Board Support Package Settings
L Project Explorer &2 B || 5 systemaxml W, _ ?p . .
ym = @ Repositories
E %[ Y 7| rsBL bsp Boa
» 25 FsBL| 23 Program FPGA
a [HE FSBL_bsp : : E Program Flash
1 BSP Documentation [Mﬂd'ﬁrthls BSP"s
b @ ps_cortexsd 0 B8  Launch Hardware Server
| libgen.log Target Informatio AMD Console
= libgen.cptions This Board Suppor [E] Launch Shell
LG M:tkeﬂle Hardware Specific & Configure JTAG Settings
Elm :}f elméfmss Target Proc) € System Generator Co-Debug Settings
4 ps_hw_platform
[ ps7_init.c e E Create Zyng Boot Image

Click "Add" and select the u-boot.elf file

® contained in the TE0720-01-U-Boot.zip archive from the Trenz Electronic Download Area,
® or built from the source code.

Click "Create Image".
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r

-
Create Zyng Boct Image

Create Zynq Boot Image

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

Basic | Advanced

Bif file ’Createa new bif file...

FSBL elf B:\Temporany\ TEO720\TEO720-base\TEDT20-base.sdk\SDENSDE_Export\FSBL\Debug\FSBL.elf Browse

List of partitions in the boot image.

-
(=N
(=1

SICRAR. I

File Offset Alignment
B:\Temporan\TEOT20NTEDT720- base\ TED720-base.sdk\SDIKNSDK_Export\FSBL\DebughFSBL.elf

i B\Temporand TEO720NTED720-base\ TEO720-base.sdk\SDK\SDK_Export\ps_hw_platform'\system.bit
B:\Temporany\u-boot\u-boot.elf

Remove

=
=

Down

€| I 3
Output folder B:ATemporary\TEO720\TE0720-base\TED720-base.sdk\SDK\SDK_Export\FSBL\bootimage
@ [ Create Image ] ’ Cancel ]

e

The newly created \TE0720-base.sdk\SDK\SDK_Export\FSBL\bootimage\u-boot.bin file should be renamed
to boot.bin and placed onto the SD memory card.
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Build Environment

It is possible to build Linux and u-boot only in a Linux environment; the easiest way to proceed is to install a
suitable Linux distribution within a Virtual Machine.

Toolchain

The toolchain is available in the Xilinx download area, but it requires a Xilinx account (username and
password). It may be that the user is temporarily not granted download permission. Some time later (could
be a few hours to several days) an email from Xilinx will confirm that the user has download permission. The
user can now download the installer binaries. When trying to install it on 64-bit Ubuntu, the installer says that
it needs 32-bit libs, and provides an URL to a Mentor Graphics web page. This web page requires a Mentor
Graphics account; after login, the page provides outdated information about installing ia32-libs.

& Mentor Graphics Sourcery (formerly: CodeSourcery) toolchain has lots of troubles on 64-bit
operating systems; some extra libraries need to be installed, both on CentOS and Ubuntu.
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CentOS Linux kernel and the U-Boot build environment

To build U-Boot and the Linix kernel from their source files, you need to create and configure a build
environment. VMware Player virtual machine with CentOS 6.4 Linux is used as a build environment.

Required software components:

® VMware Player V5.0.2

® CentOS V6.4 64-bit installer image

® Mentor Sourcery CodeBench GNU Toolchain for Xilinx Zyng-7000 (
xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin, a Xilinx account is required)

Configure CentOS Guest Operating System

Open a "Terminal" window: Applications -> System Tools -> Terminal.

[.ﬁﬁ. ] Places System ﬂj & &
E&E Accessories > |

2% Graphics >

@ Intermet >

i sound & Video >

__f (&) CD/DVD Creator

&) Disk Usage Analyzer
2 Disk Utility

[=] File Browser

| System Monitor

Switch to the root user.
su

Install the packages required for the VMware Player tools and the kernel build.
yum install make gcc kernel-devel perl

From the VMware Player menu, run the installation of VMware tools: Player -> Manage -> Install VMware
Tools.

In the Terminal window, mount the virtual CD-ROM image and install the VMware tools.

mkdir /mnt/cdrom
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mount /dev/cdrom /mnt/cdrom

cd /tmp

tar zxpf /mnt/cdrom/VVMwareTools*.tar.gz
umount /dev/cdrom

cd vmware-tools*

Jvmware-install.p!
Add your main user account to the "sudoers" list.

cp /etc/sudoers /etc/sudoers.save

echo "user ALL=(ALL) ALL" >> /etc/sudoers

where "user" should be replaced by your account name.
Reboot the virtual machine to apply changes: System -> Shut Down.
After reboot, open a "Terminal” window again: Applications -> System Tools -> Terminal.

Now complete the configuration.

sudo yum update
sudo yum install ncurses-devel git glibc-devel.i686 gtk2-devel.i686 gtk-nodoka-engine.i686 |
libcanberra.i686 libcanberra-gtk2.i686 PackageKit-gtk-module.i686 |

GConf2.i686 ncurses-libs.i686 xulrunner.i686

Open the Firefox web browser.

«» Applications Places System @K\B _1;9“’

Browse the Web

Firefox Web Browser ]

Download the Mentor Sourcery CodeBench GNU Toolchain installer at
http://www.xilinx.com/member/mentor_codebench/xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin (a Xilinx
account is required).

Copy the xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin file to your home directory and run the installation.

cp Downloads/xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin ./
chmod ugo+x xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin

/Xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin
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Go through the installation steps choosing the "Typical" installation profile.

Add the path to CodeSour cery/ Sour cery_CodeBench_Lite for_Xilinx_GNU_Li nux/ bin/ folder
to the PATH environment variable (preferably by adding it in the . bash_pr of i | e script).

Now, your virtual machine environment is ready to build U-Boot and the Linux kernel from their source files.

Copyright © 2014 Trenz Electronic GmbH Page 113 of 202 http://www.trenz-electronic.de



o

s trenz

@ ¢lectronic
0 TEO0720 User Manual Revision: 0.2

Ubuntu Linux kernel and U-Boot build environment

Required software components:

®* VMware Player V5.0.2

® Ubuntu Desktop 12.04 LTS 32-bit installer image

® Mentor Sourcery CodeBench GNU Toolchain for Xilinx Zyng-7000 (
xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin, a Xilinx account is required)

Install Ubuntu Desktop as VMware virtual machine.

After installation enable shared folder function. Shared folder can be used to pass files between guest and
host systems.

Open "Virtual machine settings"

ﬂ Edit virtual machine settings

Go "Options" tab and switch "Folder sharing" to "Always enabled" and press "Add...".
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Virtual Machine Settings M

Opfions

Settings Summary Folder sharing

L\, Shared folders expose your files to programs in the
il General Ubuntu virtual machine. This may put your computer and
B Power your data at risk. Only enable shared folders if you
J_[ Shared Folders  Disabled trust the virtual machine with your data.
'l.n'Mware Tools Time sync off () Disabled
Urity :
& Autologin Mot supported Enabled until next power off or suspend

Folders

Mame Host Path
Remove Properties
ok || Cancel || Help
Click "Next".
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Add Shared Folder Wizard

VMware”

Player

(S|

Welcome to the Add Shared
Folder Wizard

This wizard will guide you through the steps of
adding a new shared folder to your virtual
machine,

< Back | Mext = || Cancel |

e

Revision: 0.2

Click "Browse" and select folder for sharing. Set name as "shared". Click "Next".

Add Shared Folder Wizard

S

Host path
B:\Temporary\shared

Mame

shared

Name the Shared Folder
What would you like to call this shared folder?

Browse...

< Back || Mext = || Cancel

L

Click "Finish".
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Add Shared Folder Wizard [

Specify Shared Folder Attributes
Spedify the scope of this shared folder,

Additional attributes

Enable this share

[C|Read-only

[ < Back ][ Finish ][ Cancel ]

e

Click "OK" on "Virtual machine settings" window.
In virtual machine window.
Press "Ctrl+Alt+t" to run terminal.

In terminal window

sudo apt-get update
sudo apt-get install build-essential git ncurses-devel
© |
On Ubuntu 14.04 to install ncurses use

sudo apt-get install |ibncurses5-dev |ibncursesws-dev

On host system.

Download xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin from
http://www.xilinx.com/member/mentor_codebench/xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin (You will
need Xilinx account to download). Put downloaded file to shared folder.

In virtual machine terminal window.

cp /mnt/hgfs/shared/xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin ./

sudo dpkg-reconfigure -plow dash
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Select "<No>"

user@ubuntu: ~

Package configuration

Configuring dash |
The system shell is the default command interpreter for shell scripts.

Using dash as the system shell will improve the system's overall
performance. It does not alter the shell presented to interactive users.

Use dash as the default system shell (/bin/sh)?

<Yes>

Run "Sourcery CodeBench GNU Toolchain" installation

/Xilinx-2011.09-50-arm-xilinx-linux-gnueabi.bin

Go through the installation steps choosing the "Typical" installation profile.

Now, your virtual machine environment is ready to build U-Boot and the Linux kernel from their source files.
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U-Boot

Y. DEPRECATED - use petalinux 2014.2 or newer and TE0720 BSP

Get the U-Boot Repository

Start the build environment (CentOS within the VMware Player virtual machine) prepared in the previous
CentOS Linux kernel and the U-Boot build environment page.

Open a Terminal window: Applications -> System Tools -> Terminal.

[-ﬁ“- ] Places System @ & =
Egg Accessories > |

2% Graphics >

@ Internet >

i sound & Video > |

O (©) CD/DVD Creator

&) Disk Usage Analyzer
) Disk utility

[=] File Browser |
System Maonitor

In the terminal window, enter the following command to download the U-Boot source files from the Trenz
Electronic Git repository.

| git clone git://github.com/Trenz-Electronic/u-boot-xInx.git u-boot-te

Build U-Boot

In the terminal window, enter the following commands to build U-Boot.

cd u-boot-te

export CROSS COMPILE=arm-xilinx-linux-gnueabi-

The configuration command has to be chosen according to the relevant module version.

Model Command

TE0720-01-2IF  make TE0720-01-2IF_config
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Model Command
TEO720-01-2EF = make TE0720-01-2EF_config
TE0720-01-1CF make TE0720-01-1CF_config

TE0720-01-1CR make TE0720-01-1CR_config
Build U-boot binary
make

Now, you should have the U-Boot file in the working "u-boot-te" folder. To copy this file to the Microsoft
Windows host system, open a file browser: Applications -> System Tools -> File Browser.

o ] Places System Q) & @
Ej_g Accessories > |

‘g_ﬁ Graphics >

@ Intermet >

ﬁjj] sound & Video > E

[0 (&) CD/DVD Creator

) Disk Usage Analyzer
= Disk Utility

@ System Monitor
Terminal

Locate the "u-boot" file and copy it to the guest system clipboard by pressing "Ctrl+C".

Switch to the Microsoft Windows host system, open a Windows Explorer window, browse to the base
PlanAhead project folder and paste the "u-boot" file from the host system clipboard by pressing "Ctrl+V" .
Rename "u-boot" to "u-boot.elf".

Now, the "u-boot.elf" file can be used to build the Zyng-7000 boot image (last step of the FSBL build
process).

U-Boot user scripting

The default TE0720 u-boot configuration supports user script execution when booting from an SD memory
card. The U-Boot script image file u-boot.cmd, if it exists, will be executed before the normal boot.

To extend or replace the default SD-boot sequence:
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® Create a script file with u-boot commands. Example:

File name: u-boot.cmd.src
File content:

® Pack the script into the u-boot script format:

mkimage -T script -C none -n 'User script’ -d u-boot.cmd.src u-boot.cmd

® Copy the u-boot.cmd file to the SD memory card.
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Linux kernel 3.9

. DEPRECATED - use petalinux 2014.2 or newer with TEO720 BSP

Get Trenz Electronic Linux Kernel Repository

Start the build environment (CentOS within the VMware Player virtual machine) prepared in the previous
CentOS Linux kernel and the U-Boot build environment page.

Open a Terminal window: Applications -> System Tools -> Terminal.

[.ﬂﬂ. ] Places System e) & &
E&E Accessories > |

2% Graphics >

@ Internet >

i sound & Video >

__f (&) CD/DVD Creator

&) Disk Usage Analyzer
- Disk Utility

|5 File Browser

[ System Monitor

In the terminal window, enter the following command to download the Linux Kernel source files from the
Trenz Electronic Git repository.

| git clone git://github.com/Trenz-Electronic/linux-te-3.9

Build the Linux Kernel

To build a U-Boot wrapped image, the PATH environment variable should contain the path to the nki mage
executable. It can be done by adding the path to the ~/ u- boot -t e/ t ool s/ folder (its path depends on
your U-Boot repository location) to the PATH environment variable, or installing the uboot - t ool s package.

In the terminal window, enter the following commands to build the Linux kernel.

cd linux-te
export CROSS_COMPILE=arm-xilinx-linux-gnueabi-

make ARCH=arm te_zynq_defconfig
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make ARCH=arm LOADADDR=0x8000 ulmage

Compile the device tree binary using one of the following commands according to the relevant module
version.

Model Command

TE0720-01-2IF  make ARCH=arm TE0720-01-2IF.dtb

TE0720-01-2EF make ARCH=arm TE0720-01-2EF.dtb

TE0720-01-1CF  make ARCH=arm TE0720-01-1CF.dtb

TE0720-01-1CR make ARCH=arm TE0720-01-1CR.dtb

The resulting device tree blob (TE0720-01-2IF.dth, TE0720-01-2EF.dtb, TE0720-01-1CF.dtb or
TEO0720-01-1CR.dtb) will be created into the ./arch/arm/boot/dts folder.

Rename the resulting device tree blob as devi cet r ee. dt b by using one of the following commands
according to the relevant module version.

Model Command

TE0720-01-2IF  mv ./arch/arm/boot/dts/TE0720-01-2IF.dtb ./arch/arm/boot/dts/devicetree.dtb

TEQ0720-01-2EF  mv ./arch/arm/boot/dts/TE0720-01-2EF.dtb ./arch/arm/boot/dts/devicetree.dtb

TE0720-01-1CF = mv ./arch/arm/boot/dts/TE0720-01-1CF.dtb ./arch/arm/boot/dts/devicetree.dtb

TEO0720-01-1CR  mv ./arch/arm/boot/dts/TE0720-01-1CR.dtb ./arch/arm/boot/dts/devicetree.dtb

Now, you should have the Linux kernel image (wrapped for u-boot) ./arch/arm/boot/uimage and the device
tree blob ./arch/arm/boot/dts/devicetree.dtb. To copy these files to the Microsoft Windows host system,
open a file browser: Applications -> System Tools -> File Browser.

L% ] Places System Q) & &
45 Accessories > |

%% Graphics >

@ Internet >

i Sound & Video >

e |

(&) CD/DVD Creator

s

&) Disk Usage Analyzer

| s |

== Disk Utility

=1
[ system Monitor
Terminal
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Locate the files and copy them to the guest system clipboard by pressiing "Ctrl+C".

Switch to the Microsoft Windows host system, open a Windows Explorer window, browse to a suitable folder
and paste the files from the host system clipboard by pressing "Ctrl+V".
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Preparing boot media
TEO0720 module supports 2 boot modes:

® SD memory card boot
® QSPI Flash memory boot

SD memory card boot

The SD memory card Zynq should boot from shall contain a FAT partition with the following files:

File Build Description

boot.bin FSBL - First Stage Boot Loader = Zynq boot image file. Contains fsbl.elf, system.bit and u-boot.elf.
devicetree.dtb Linux Linux device tree blob file

ulmage Linux Linux kernel image (with u-boot wrapper)

uramdisk.image.gz = Build and Modify a Rootfs Linux ramdisk (with u-boot wrapper)

. Care should be taken not to corrupt the file system, please use "halt" or "umount /mnt/sd0" before
power off board.

QSPI Flash memory boot

Unfortunately, the Winbond W25Q256 QSPI Flash memory assembled on the TE0720 is not yet suported by
Xilinx IMPACT software tool. The easiest way to initialize the on-board QSPI Flash memory is to copy the
data from the SD memory card using u-boot.

® Prepare the SD memory card as specified in SD memory card boot

® Connect the UART to the MIO pins (MIO14/MIO15 used in default FSBL), set the baudrate to 115200,
no parity

® Set the boot mode to SD memory card

® Insert the SD memory card and power on the module

® Stop u-boot boot sequence by pressing the ent er key during boot countdown

® [oad data from the SD memory card to the DDR3 memory using the "run sdfetch" u-boot command

® \Write data to the QSPI Flash memory from the DDR3 memory using "run reflash_all" u-boot
command

After that, the QSPI Flash memory boot mode can be enabled and used.

QSPI Flash memory map

Address  Size File Description

0x000000 0x450000 boot.bin Zyng boot image
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Address  Size File Description
0x450000 0x500000 ulmage Linux kernel image
0x950000 0x020000 devicetree.dtb Linux device tree blob

0x970000 Ox5E0000 uramdisk.image.gz Linux ramdisk image

To change these addresses, the u-boot default configuration shall be changed and u-boot shall be rebuilt.
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Base Vivado Project

Clone the base project from the following Trenz Electronic Github repository
https://github.com/Trenz-Electronic/TE0720-GigaZee-Reference-Designs/tree/master/TE0720-01_Base_Viva

or download it from "Download area”
http://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/TE0720-GigaZee/reference_designs/TEQ720-

Run Vivado 2013.4

N

(>

Vivado 2013.4

In "Tcl Console"
cd c:/temp/TE0720-01_Base Vivado-2013.4/

where "c:/temp" should be replaced to real path to project directory.

In "Tcl Console"
| source create.tcl

This command create new project in "base" directory and import used files.

$‘ Run Synthesis

Click and wait synthesis to complete.

Click il Generate Bitstream .y iy operation to be completed.

Double click on "zynqg_sys_i" to open block design.

Sources — O
Qaz= e RE
=& Design Sources (3]
: B"Lﬁ':i top - Behawvioral (top.vhd) (1)
i [l zyng_sys_i - Zyng_sys_wrapper - STRUCTURE (zyng_sys_wra
E28F W7yna_sys_i - zyng_sys (zyng_sys.bd) (1)

ls
*

"zyng_sys" should looks like
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12C1_SDA_I D
12C1_SCL_1I D
processing_system7_1
GP10_04 |||
GPIO_O[31:0]» > GPIO_0[31:0]
DDR ||| [_> DDR
FIXED_IO 4 || {_> FIXED_IO
nc_o || [ IIC0
mc_1== |||
12C1_SDA_I4
12C1_SDA_Om {_» I12C1_SDA_O
—TTCO_CLKO_IN 12C1_SDA_TH > I12C1.SDA_T
—TTCO_CLK1_IN - 12C1_SCL_ 14
—TTCO_CLK2_IN ZYNQ. 12c1_scL_o» —— 3 12C1.SCL O
M_AXI_GPO_ACLK 12c1 SCLT» —— 3 12C1_SCL.T
USBIND_0+ |||
M_AXI_GPO < |||

TTCO_WAVEQ_OUT
TTCO_WAVE1l_QUT—
TTCO_WAVE2_OUT

FCLK_CLKO D clk_100mhz
FCLK_CLK1 {_» clk_200mhz
FCLK_RESETO_N D resetn

ZYNQ7 Processing System

MIO configuration is
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Peripheral I0
[=- Memory Interfaces
; Quad SPI Flash MIO1..6 -

SRAMMOR Flash

- [ ] NAND Flash
[=- 10 Peripherals
- EMET 0 MIO 15 .. 27 -

[H- EMET 1

&

USB 0 MIO 28 .. 39 -
USB 1 ' '
SD 0 MIO 40 .. 45 -
SD 1 MIO %6 .. 51 -
UART 0 MIO 14.. 15 -
UART 1 ' '
12C0 EMIO - |
I2C 1 EMIO -
SP1O ' '
SPI 1

CAN 0

| ey IO oy (SN oy IR oy (S oy ISR oy (SR oy IR oy ISR sy SO |
OO0OO0ODEREOEEEORE

ot
I
-
L]

- [7] GPIOMIO MO -]
EMIC GPIO (Width) 32 |
" Resets . '
[=- Application Processor Unit

Timer 0 EMIO |

[] Timer 1
[] watchdeg
[+~ Programmable Logic Test and Debug

Click s 5“ Open Implemented Design

Select "File - Export - Export Hardware for SDK..."
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FiIE|Edit Flow Teools Window Layout View Help

P

Mew Project...
[#* Open Project...

Open Recent Project *
Open Example Project 3
Save Project As...

Write Project Tcl...
A Archive Project...
Close Project

B Save Block Design Strg+5
Close Block Design

Open Checkpoint..,

Open Recent Checkpoint k

o T

— A

Mew IP Location...

Open IP Location...

Open Recent IP Location 3
Mew File...
Open File... Strg+ O
Open Recent File »
B Add Sources... Alt+ A
Open Source File... Strg+M
| Export i Export Hardware for SDE... |k

Select all checkboxes and press "OK"

—

@ Export hardware platform for SDEK,

w
Options
Source: i zyng_sys.bd
Export to: | B0 <Local to Project=
Workspace: | B0 <Local to Project>

Export Hardware

Indude bitstream (Mote: an implemented design must be loaded)

In "Xilinx SDK" window
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Select "File - Import..."

TEO720 User Manual

[File] Edit Source Refactor Mavigate Search Run

Mew

Open File...

Cloze

Close All

Save
Save As..,
Save All
Revert
Mowve...

Rename...

Refrezh

Convert Line Delimiters To

Print...

Switch Workspace
Restart

i2g Import.

Select "General - Existing Projects into Workspace" and press "Next >"

Alt+Shift+M »

Ctrl+W
Ctrl+5hift+W

Ctrl+5

Ctrl+5Shift+5

F2
F5

Ctrl+P

Copyright © 2014 Trenz Electronic GmbH Page 131 of 202

Revision: 0.2

http://www.trenz-electronic.de



o

o trenz
@ ¢lectronic
0 TE0720 User Manual Revision: 0.2
Import EEI
Select \J
Create new projects from an archive file or directory, | @ 5 I

Select an import source:

type filter text

4 [~ General
[E Archive File
=% Existing Projects into Workspace
Iﬁ__ll File Systern
|, Preferences
v e CFC++
» = Install
» [ Remote Systems
» [= Run/Debug
» = Team

@ < Back Next > Finish

Check "Select root directory:" and press "Browse". Navigate to "sw_export" directory in project.

L

Check "Copy projects into workspace". Press "Finish"
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r' Impaort

Import Projects
Select a directory to search for existing Eclipse projects,

@ Select root directery:  C\temp\TE0720-01_Base Vivado-2013.4\sw_export
(71 Select archive file:

Projects:

0y

Browse...

Browse...

FSEL (C\ternp'\TED720-01_Base_Vivado-2013.4'sw_export\F5EL)
FSBL_bsp (ChemphTEOT20-01_Base_Vivado-2013.4%sw_export\FSBL_bsg

I

1|

[/]iCopy projects into workspace

Working sets
[T Add project to working sets

Wirarking sets:

Select All

Deselect All

1

Refresh

Select...

@

Mext = Finish

Cancel

L

Project will build automatically. After complete build, run "Xilinx Tools - Create Zynq Boot Image".

Copyright © 2014 Trenz Electronic GmbH Page 133 of 202

http://lwww.trenz-electronic.de



o

s trenz

@ ¢lectronic
0

TEO720 User Manual

[ Xilinx Tools | Window Help

Generate linker script
Board Support Package Settings

Repositories

Program FPGA
Dump/Restore Data File

Prograrm Flash

#MD Console

Launch Shell

Configure JTAG Settings

Systern Generator Co-Debug Settings

Nx&E0K DNE D=EE

Create Zyng Boot Image

Select path for output.bif and Add FSBL, bit and u-boot files to Image.
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Create Zyng Boot Image ﬁ

Create Zyng Boot Image

Creates Zyng Boot Image in .bin and .mcs formats from given FSBL elf and partition files in specified output
folder,

i@ Create new BIF file () Import from existing BIF file
BIF filepath  Ci\temp\TE0720-01_Base Vivado-2013.4\output.bif

[ Use Authentication

Authentication keys

FPE Browse | P5K Browse
aPE Browse | 55K Browse
sPE Signature Browse

[7] Use encryption

Encryption key
Fey file Browse
Ky store (@ BRAM EFUISE

Part name

Boot image partitions

File path

(bootloader) Chtemph TEOT20-01_Base Vivadeo-2013.4\base\base.sdk\SDKNSDE_Export\FSEL\DebughFSBEL.elf
Chtemph TEOT20-01_Base_Vivado-2013.4\base\base. runshimpl_1\top.bit
Ci\temp\TE0720-01_Base Vivado-20134\u-boot.lf | Edit |

(]
' 1 b || Down

Outputpath  C:\temp\TED720-01_Base_Vivado-2013.4\boot.bin [Browse |

@ Create Image ] [ Cancel ]

L

Click "Create Image".

Copy "boot.bin", "devicetree.dtb", "ulmage" and "uramdisk.image.gz" files from project directory to SD card.
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Vivado Flow (Video and Step-by-Step Tutorial)

® Creating a Vivado Example Project for TEOQ720 Zyng SoC Module
® Video Tutorial (Vivado 2013.2)
® Step-by-Step Tutorial (Vivado 2013.3)
® (Getting Started: Create New Vivado Project
® Creating Vivado Block Design (IP Integrator)
® Software Implementation: Create First Stage Boot Loader (FSBL) and "Hello World"
application project in SDK
® Hardware Synthesis & Implementation
® Software Implementation: "Hello World 2.0" (implementing access to 12C peripherals via
Xilinx Zynqg PL custom logic)
® Debugging the "Hello World" Project
® Video Tutorial
® Step-by-Step Tutorial

@ Press "<Strg> + <Pos1>" to return back to this overview!

Creating a Vivado Example Project for TE0720 Zyng SoC Module

Video Tutorial (Vivado 2013.2)

The following screen-recording video shows how to create a new project in Vivado, how to set up a Zynq
system, how to configure it properly, and how to export it to SDK. In SDK a standard First Stage Boot Loader
(FSBL) is created and a "Hello world" project is generated as well as compiled. As a final step both software
parts (FSBL and "Hello world") are combined in a boot image that is ready to be flashed or copied to an SD
card:

The FSBL from this project could also be started in a debugger but it would not make any terminal output.
Just proceed to load from SPI flash or SD Card depending on the boot mode when started in a debugger.
The "Hello world" project can be run from the debugger but ps7_init (see TE0720 GigaZee Zyng SoM /
TEO720 User Manual / FSBL - First Stage Boot Loader) TCL script must be executed first.

To start the "Hello World" project from an SD Card just copy the file "BOOT.BIN" to the SD card.

©@ Note: This project does not include any FPGA bitstream, so the FPGA will not be configured and
LED3 on the TE0O720 module will remain lit!

Step-by-Step Tutorial (Vivado 2013.3)
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Full Board Support Packages for Vivado CAN NOT BE CREATED AT THIS TIME. We have filed a
WebCase (990721) and Xilinx has Answer Record AR58180 regarding this. The feature to create
board support packages will hopefully be available with some later Vivado releases, but currently it
is not known in which version. At least it is not confirmed for 2014.1 for sure.

Currently, we are working on a patch so that a custom board support package can be made
available manually by just copying our TEQ720 BSP files into the corresponding Vivado
subdirectory (e.g., C: \Xilinx\Vivado\2013.3\data\boards\zynq). Meanwhile, corresponding to the
Answer Record AR58180 you have to choose as part the on-board Xilinx Zyng FPGA device (e.g.,
xc7z020clg484-2) and specify the remaining settings (e.g., pin locking, 10 voltages etc.) in a user
defined contraint file as described in the following tutorial.

In the following, our video tutorial above is shown in a step-by-step manner (to whom it may prefer):

Getting Started: Create New Vivado Project
1.) Create a new project in Vivado 2013.3:

[ 4 Vivado 2013.3 - QE

File Flow Tools Window Help

VIVADO™ XN

Getting Started Documentation
‘ﬂ Create New Project — Documentation and Tutorials
Pl
\ \ New Project Wizard will guide you through the AIpTes Invaluable for first time users or to try new features.
\ % of selecting design sources and a target device for
L L— @ new project.

Open Project User Guide

e £
/ Open one of the most recently used projects or More detailed info on Vivado commands, dialogs,
\ any previously created project. 3 '\4‘ and buttons.
E Open Example Project o Quick Take Videos
W

A View a series of short videos on various topics from

Openiooelobibaliuiviialpiorects: ‘ design flows overview to recommended methodology.

Manage IP Release Notes Guide
e e iCatalog ond iy okl Information about installation and new IDS features

Create and customize IP to be used in a new project et
in this release.

or open previously customized IP to make changes.

2 Tcl Console

2.) Choose an appropriate project name, e.g., "TE0720_HelloWorld", and project directory location:
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Project Name
Enter a name for your project and specify a directory where the project data files will be stored 'E, I

Project name: | TE0720_HelloWaorl d|

Project location: | D:/Trenz-Electronic

Create project subdirectory

Project will be created at: D:/Trenz-Electronic/TE0D720_HelloWorld

[ < Back ” Next > ]| Finish |’ Cancel ]

3.) The type of project should be RTL Project with the option "Do not specify soruces at this time" disabled:

Project Type
Specify the type of project to create.

(@ RTL Project
~ You will be able to add sources, generate IP, run RTL analysis, synthesis, implementation, design planning and
analysis.

Do not specify sources at this time

Post-synthesis Project
You will be able to add sources, view device resources, run design analysis, planning and implementation.

[ ] Do not specify sources at this time

(7) YO Planning Project
" Do not specify design sources. You will be able to view part/package resources.

(7) Imported Project
"~ Create a Vivado project from a Synplify, XST or ISE Project File.

| <Back | Next> | Fnisn | | cancel

4.) The target language is selected to be VHDL:
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Add Sources

Specify HDL and netlist files, or directories containing HDL and netlist files, to add to your project. Create a new E? I
source file on disk and add it to your project. You can also add and create sources later.

Index Name Library HDL Source For Location

Add Files.. | | Add Directories... | |  Create File...

[]5can and add RTL include files into project
|:| Copy sources into project

D Add sources from subdirectories

Target language: | VHDL ~ |Simulator language:
1

[ < Back l Next > l2,Einish |’ Cancel

5.) ... and in the dialog no existing IP is added...

Add Existing IP (optional)
Specify existing configurable IP, DSP compaosite, and Embedded composite files to add to your project.

Index Name  Location

AddFiles.. | | Add Directories... |

|:| Copy sources into project

| <Back | Next> | Fnisn | | cancel

6.) ... as well as no constraints are specified:

Revision: 0.2
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Add Constraints (optional)
Specify or create constraint files for physical and timing constraints.

Constraint File  Location

AddFiles.. | | Create File...

[/] copy constraints files into project

[ <Back | mext> ] Finish |’ Cancel ]

7.) As long as the Vivado patch has not been released yet (see our notice above), please select the
on-board TEQ720 Zynq FPGA device (e.g., xc7z020clg484-2):

CEDET |

Default Part
Choose a default Xilinx part or board for your project. This can be changed later.

Speci Filter

Product category | All Package | clg484
@ Boards Eamily | Zyng-7000 Speed grade | All Remaining

Sub-Family | Zyng-7000 Temp grade | All Remaining
Reset All Filters

Search: | Q- |

I/O Pin Available LUT ) Block
Count I0Bs Elements A DS

RAMSs
@ »c7z020clg484-3 200 53200 106400 140 220

484
4 xc72020clgd84-2 53200 106400

@ xc7z020clg484-1 484 200 53200 106400 140 220

Part

ol r O

<Back || Next> | mnsh | [ cancel |

@ As soon as our custom board "TE0720-01-2EF" will be supported by Xilinx Vivado, it can be
chosen in the following way:
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D . ==
Default Part :
Choose a default Xilinx part or board for your project. This can be changed later. ‘:1,
Speci Filter
Product category | All - Package | clg484 o
@ Boards Eamily | Zyng-7000 ~ | Speed grade | All Remaining ~
I Sub-Family | Zyng-7000 = | Temp grade All Remaining -

| Reset All Filters

Search: | C
I/O Pin Available LUT : Block
ok Count 10Bs Elements PR RAMS ik
@xc?z02ﬂclg484-3 484 200 53200 106400 140 220
4> xc7z020clg484-2 53200 106400
@ xc7z020clg484-1 484 200 53200 106400 140 220
‘ in » O

<Back || Next> Finish

8.) Finally, create the previously parametrized RTL project:

New Project Summary |

@ A new RTL project named 'TEO720_Hellowaorld' will be created.

/& Mo source files or directories will be added. Use Add Sources to add
them later.

/& No Configurable IP files will be added. Use Add Sources to add them
later.

/% Mo constraints files will be added. Use Add Sources to add them later.

() The default part and product family for the new project:
Default Board: TEO720-01-2EF
Default Part: xc7z020clg484-2
Product: Zyng-7000
Family: Zyng-7000
Package: clg484
Speed Grade: -2

VIVADC

To create the project, click Finish

Wext = | Finish |[ Cancel
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Creating Vivado Block Design (IP Integrator)
1.) Create a new block design and name it. Here, we choose the default name "design_1":

Edit Flow Jools Window Layout View Help

AR woeRh XD D> B S X X S B oefau Layout MR AL r—
Flow Navigator «| | Project Manager - TE0720_Helloworld X
=2 Sources — 0 X | [ Project Summary x oo x
T =
4_Project Manager A &S G & project settings Edit &
& Design Sources E .
i3 Project Settings bttty Project name: TE0720_Helloworld
3% Add Sources B8 = ki Shurcen Product family:  Zyng-7000
1F 1P catalog g sim_1 Project part: TEO720-01-2EF (xc72020clg484-2)

Top module name:  Not defined

Create Block Design | 1. Board ES

Open Block Design Display name:  TEQ720-01-2EF
& Generate Block Design Board name: trenz-electronic.de:zynq:te0720-01-2ef:1.0
4 Simulation 8oard file: 3. \E _o\board.xml

URL: hitp://wuwwy.trenz-electronic.de

% Simulation Settings
Board overview: ‘TEO720-01-2€F Xilinx Zynq SoC Micromodule (REVL) on TEO701 Carrier Board (REV2)

(@ Run Simulation

thesie 2 Impler \tatior 3
4 RTL Analysis S pene—
©» g% Open Elaborated Design Status: = Not started Status: =» Not started
4 Synthesis Messages: No errors or warnings Messages: No errors or warnings
E Part: xc72020clg484-2 Part: Xc72020clg484-2

15 Synthesis Settings Hierarchy | Libraries | Compile Order | 4 :

Strateg. o

i g Vivado Implementation Defauits

% Run Synthesis "\._& Sources | ¢ Templates 4. Create Block Desigl u Strategy: Vivado Implementation Defaults
T - Incremental Compile: None

3 o Synthe d De
B} Open Synthesized Design | | rooryieg o x @ Please specify name of block design Route Status|
Implementation - -v L3

5 Implementation Settings

DRC Vil | 2 Timing
Design name: | design_1|

P> Run Implementation H

> @ Open Implemented Design | |
2]
+ Program and veug _ .
2 Power 2
5 Bitstream Settings

¥ Generate Bitstream
u Utilization information is not available because it hasn't been run Power information is not available because it hasn't been run

Timing inforrmation is not available because it hasn't been run

o % Open Hardware Manager
B Launch iMPACT

Design Runs _owex
X Name. Part Constraints ~ Strategy Status  Progress Start Elapsed  Failed Routes WNS TNS WHS THS TPWS Description

=

(=2 synth_1 XC72020¢g484-2 constrs 1 Vivado Synthesis Defauits (Vivado Synthesis 2013) Not started —————10% Vivado Synthesi
| b implt X72020€lg484-2 constrs 1 Vivado Implementation Defaults (Vivado Implementation 2013) Not started 0% Vivado Impleme
>

4

»

«

LKl [ rg

" 2 Td Console | © Messages | G Log | [ Reports.. = Design Runs

Create and add an P subsystem to the project

2.) Continue to add new IP (1) from the catalog and select ZYNQ7 Processing System (2):
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Diagram

"ﬂ‘ 7 design_1

@5/ (@ This design is empty. To get stan‘.ed, from the catalog.
b 1.

v

Search:

Name

iF Proc Sys Reset -
iF RAM-based Shift Register

iF Reed-Solomon Decoder

iF Reed-Selomon Encoder

iF RGB to YCrCh Color-Space Converter

iF S/PDIF

iF SDIRX to Video Bridge

iF SelectlO Interface Wizard

LR E EE P

iF Serial RapidIO Gen2

iF Slice

iF SMPTE2022-5/6 Video over IP Receiver

iF SMPTE2022-5(6 Video over IP Transmitter
{F SMPTE 2022-1/2 Video over IP Receiver
{F SMPTE 2022-1/2 Video over IF Transmitter
iF System Cache

iF Test Pattern Generator

iF Tri Mode Ethernet MAC

ik Utility Differential 10 Buffer

iF Utility Reduced Logic

iF Utility Vector Logic

iF Video Deinterlacer

iF Video In to AXHM4-Stream

iF Video On Screen Display

iF Video Scaler

iF Video Timing Controller

4 Video to SDI TX Bridge

4F VIO (Virtual Input/Qutput)

=

@

m

4F Viterbi Decoder
iF XADC Wizard

0 4]

i ng.
ZYNQ7 Processing System BFM
Select and press ENTER or drag and drop, ESC to cancel

] bR

3.) In the same "Diagram" window a "ZYNQ7 Processing System" block symbol is how visible. After a double
click on it, the following "Re-customize IP" dialog will appear, where you click on "Import XPS Settings" and
choose the file "TE0720-01_a.xml", which can be found in the archive TE0720-01-Common.zip on the
Trenz-Electronic Homepage (see reference designs in the download area of the TE0720-GigaZee):
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Re-custol

e IP

& Reausamize 1 e e
ZYNQ7 Processing System (5.3) _

i) Documentation 4 Presets [ IP Location| #2r Import XPS Settings|
Page Navigator « rmm |D:/Trenz-Electronic/ TEO720-01-Common/ TE0720-01_a.xmi| =

| | —

PS-PL Configuration IO Peripherals Gonesl

Summary Report ‘

e e SPI 0 Settings Application Processor Unit (APU)

SPI1
Bank0

MIO Configuration MIO 12C 0
(15:0) 12€ 1 ARM Cortex A9 ARM Cortex A9

CAND . CPU CPU
. System Level
DDR Configuration CAN 1 -+ Le

UART 0 64b
UART 1 AXI
l[s] — ‘
Interrupts MUX GPIO ¥ { GIC Snoop Control unit ACP
(MIO) SDO0 Slave
] [ SD1 Channel 512 KB L2 Cache and Controller Ports
USB 0
USB 1 ocm 256 KB

ENET 0 CoreSight Interconnect SRAM
ENET 1 Central Components
Bank1 I

+
MIO FLASH Memory T
(53:16) Interfaces e D
- | SRAMMNGREN y Memory

NAND pa
DDR2/3,LPDDR2
Controller

QUAD SPI DEVC I Programmable
| Logic to Memory

A

Clock Configuration

SMC Timing Calculation

A

SMC Timing rn
Calculation

DMA [Sync 12[13 [14[15

P Clock
Resets | Generation L 2 7 T e

o[1]2]3 DMA :
0111203 gy4neg 12568 || 326P |cpmmnels | Config | Q[ High Performamce e
Mo (Emio) _ PS-PL AXI AXI AES! AXI 32b/64b Slave

Clock Ports Master Slave SHA Ports

Processing System(PS)

Programmable Logic(PL)

4.) After successful import, the dedicated I/O pin assignments of the enabled peripherals can be checked...

| LF Re-
|| ZYNQ7 Processing System (5.3)
1 Documentation &} Presets [ P Location &% Import XPS Settings
Page Navigator < | Peripneral 10 pins. Summary Report
2ynq Block Design i Search: | Q-
Q]
Ps-pL Configuration L Bank0 | LVCMOS 3.3V~ [ Bank1 [vewos 1av_ -
= 00203 A 5L L6 LT 8.9, 10, 17, 12, 13,43, 5, 16, 17, 18,19, 20, 21,22 23 24 .25 26 27, 28,28 30 31, 32 33 34,35 36 37,38 30 40 41, 42 43, 44,45 46 41, 48, 49,60 51 52 53 EMIO
e e L i e P e e P P e P P P e b
Guad 5P Flssh
O | [¥] Quad SPI Flash
MIO Configuration ‘
SRAMINOR Flash
[ SRAM/NOR Flash
S . i HENEENEEN NN
[] NAND Flash
DDR Configuration — ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | —
(V] Ethernet 0 i
SMC Timing Calculation Enat ewmio
[ ethernet 1
Interrupts usso
[V]uss o S
L] =
[Juss1
s00 so0 s00 emio
Wisno [ T[T LT
= [ = [ = =
W]sp1
se0 mes sr0 o e mas Emio
L] | L] | L] L]
11 11 (1] \
[IsP1
uarTo uarTo uarTo uarTo uagTo uarTo uarTo uarTo uarTo uagTo uarTo ewmio
@] uarT 0
UARTH uARTH uARTY uarT1 uARTA uaRTs UaRTH uarT1 uARTH uarT4 uARTY uarrt | Emio
[V] uART 1
1260 120 1260 1200 1260 120 ) 1260 1260 120 1260 Emio
¥rco
2c1 1261 zc1 i2c1 zc1 2c1 12c1 21 2c1 1261 izc1 | emo
¥nc1
cano cano cano cano cano cano camo cano cano cano cano Euio
V] cano
cam cam cam cant cam cam can cam cam cam cam cant | emio
7 cant
= == = |
V] TTCo
= = = e
[Tt
swn sun swo swo | swo | emo
[]swp
PiTAG PiTAG PiTAG PiTAG Emio
[] PITAG Interface
Trace Trace Euio
[] Test and Debug Trace
P P PP R R R R
[¥] P10 MIO
Emio
[¥] GP10 EMIO | ‘

5.) ... (optional) when you would like check by an application on the Zynq FPGA if a SD card is inserted
(CD=0) or if its write protection (WP=1) is enabled, then you must assign the corresponding two signals to
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MIO pins. Because almost all MIO pins have been already assigned (and MIO7 to MIO9 are not routed to
the TEO701's CPLD), a possible solution is to deactivate the second UART1 (just by clicking on green
colored "UART1" box, which can be found in the "Peripheral I/O Pins" page; see above) and re-assigned the
now available MIO12 and MIO13 pins on the "MIO Configuration" page to the CD and WP pins of the SD 0

port:

ZYNQ7 Processing System (5.3) -

@ Documentation ﬁ Presets [ IP Location @ Import XPS Settings

MIO 40 .. 45

MIO 12

MIO 13

cd

LVCMOS 3.3V

‘ Page Navigator & |Ill0Conﬁguraﬁon Summary Report |
Zynq Block Design 4= | Bank 0 10 Voltage LVCMOS 3.3V ~ Bank 1 IO Voltage | LVCMOS 1.8V~

Q|
PS-PL Configuration wa| Search: | Q-

=

-
Peripheral IO Pins % Peripheral 0 Signal 10 Type Speed Pullup Direction
MIO Configuration L [ Memory Interfaces

@ = YO Peripherals
Clock Configuration = EMET 0 MIO 16 .. 27 -
DDR Configuration B[] EmET 1
SMC Timing Calculation B LS80 .M[D 2haadd =

] usB1
Interrupts -
—

| slows ~ | disabled + in

[+ Application Processor Unit

[+ Programmable Logic Test and Debug

wp LVCMOS 3.3V |[slow | disabled  in
MIO 40 clk LVCMOS 1.8V fast | disabled +|inout
MID 41 cmd .LVCMDS 1.8v ”fast v”L:I'Lsablecl v. inout
MIO 42 datald]  |LVCMOS 1.8V lfast | disabled v inout
MIO 43 data[1] .LVCMDS 1.8v ”fast '. .dlsabled v. inout
MIO 44 data[2] .LVCMDS 1.8v ”fast v”dlsabled v. inout
= SD 0 MIO 45 data[3] iLVCMDS 1.8v fast ViidLsabIed v inout

W ¥ sp1 MIO 46 .. 51 -

i ] UART 0 MIO 14 .. 15 -

B[] uART 1

[ 2co MIO 10.. 11 -

B zc1 Emio =

&=} SPI0 Emio -

] sPI1

G 7] CANOD EMIO -

[E=2 CAN 1 EMIO -

[+ GPIO

Cancel

@ TheMIO pins may be preferred towards the EMIO interface because for the latter a programmable
logic (PL) bitfile must always be provided. Moreover, the EMIO interface is not available for the
First Stage Boot Loader (FSBL) because at this stage, the PL has not been configured yet. Of
course, in this case the TEO701 CPLD must internally connect the SD_DETECT and SD_WP
signals to the corresponding signals, e.g., MIO12 and MIO13, respectively. Alternatively, the values
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of SD_DETECT and SD_WP can also be read by the Xilinx Zynq after booting up via the on-board

I12C bus (see Carrier Boards for TE0720 | Reading 12C-to-GPIO Status Register on TE0701 CPLD
for more details).

& However, the latest solution will not work for the device manager in Linux. Hence, be

aware when tying up the corresponding EMIO pins statically to ground that the SD card

WILL NOT be write-protected in dependence of the mechanical switch on the SD card
anymore as the user might expect!

6.) ... also the DDR Configuration should have the following new timing settings (instead of 0.0 ns each):

|| ZYNQ7 Processing System (5.3)

ﬁ Documentation ﬁ Presets [ IP Location ﬁ Import XPS Settings

Page Navigator « ‘DDR Configuration Summary Report
Zynq Block Design E Enable DDR
Q
PS-PL Configuration = Search: | -
Peripheral I/Q Pins = | name Select Description
TR (B DDR Controller Configuration
onfiguration Memory Part Configuration
Clock Configuration [} Training/Board Details User Input -
[+ DRAM Training
DDR Ct i [+ DQS to Clock Delay (ns)
SMC Timing Calculation =l Eozrl Db )
DQ[7:0] 0.156 Board delay [0] (ns). The midpoint of data (DDR_DQ, DDR_DM) trace delays averaged with the midpoint of clock (...
Interrupts 1.| -pgl15:8] 0.154 Board delay [1] (ns). The midpoint of data (DDR_DQ, DDR_DM) trace delays averaged with the midpoint of clock (...
DQ[23:16] 0.199 Board delay [2] (ns). The midpoint of data (DDR_DQ, DDR_DM) trace delays averaged with the midpoint of clock (...
DQ[31:24] 0.188 Board delay [3] (ns). The midpoint of data (DDR_DQ, DDR_DM) trace delays averaged with the midpoint of clock (...
~Additive Latency (ns) 0

Additive Latency (ns). Increases the efficiency of the command and data bus for sustainable bandwidths

2o ]

7.) Back in the "Diagram" window right click on the 10 port of the DDR interface and select in the context
menu "Make External"...
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Diagram —oax
lﬂ i, design_1 |
O | (@ Designer Assistance available. Run Block Automation |
ag -
&
K
i
[
&
?; processing_system7_0
% P00 |||
[~ DDR 4R
@ FIXED_IO< ||| & Block Interface Properties... Strg+E
& HC1+ % Delete Entf
SPL_04
CAN_ 0 B Copy Strg+C
=TTCO_CLKO_IN CAN 14k |]| ® Paste Strg+V
=TTC0_CLK1_IN - D004 Il o goarch Strg+F
Jroaen  ZYNQ. SDIO_14 Fareh- i
—M_AXI_GPO_ACLK USBIND_04- & Select All Strg+A
M_AXLGPO: Il & Add IP.. Strg+1
TTCO_WAVED_OUT =
TTCO_WAVEL OUT " Make External Strg+T
TTCO_WAVE2_OUTH & Validate Design F6
i Start Connection Mode Strg+H
FCLK_RESETO_M
Make Connection...
ZYNQ7 Processing System —
Disconnect Pin
Create Hierarchy...
Create Comment
Create Port... Strg+K
Create Interface Port... Strg+L
@ Regenerate Layout
B Save as PDF File..
< L

8.) ... repeat step 6 for the ports FIXED_IO (1), GPIO_0 (2), and IIC_1 (3). Then, manually connect the ports
"FCLK_CLKO" and "M_AXI_GPO0_ACLK" to each other (4) and regenerate layout (5):

Diagram

ﬂ & design_1

processing_system?7_0

[Blaw ru sl w2 LR

5.

[

Regenerate Layout
Discard current layout and regenerate.

TTCO_CLKO_IN
=TTCO_CLK1_IN
=TTCO_CLK2_IN
M_AXT_GPO_ACLK

GPID_0 4+

DDR 4

FIXED_10+

nc 14

spr_0 (]|

can_o< ]|

can_14- ||

- sDI0_0+ ||
ZYNQ sDIo_1 4 ||
USBIND_0 []|
M_AXT_GPO< |||
TTCO_WAVED_OUT
TTCO_WAVEL OUT
TTCO_WAVEZ_OUT
FCLK_CLKO
FCLK_RESETO_N

ZYNQ? Processing System

GPI0_D
DDR

FIXED_IO 1.
nc.1 3.

2.
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@ The signal path from "FCLK_CLKO" to "M_AXI_GP0_ACLK" is set because the PS provides four
fully programmable clocks (FCLK_CLKn; as shown in the following figure) to the PL and it is a
common practice to exploit one of these clocks (namely, "FCLK_CLKOQ") to source the AXI bus
clock (in this case with 100 MHz):

ZYNQ7 Processing System (5.3)

W Documentation ﬁ Presets [ IP Location ﬁfx Import XPS Settings

Page Navigator “ |Clock Configuration Summary Report
Zynq Block Design * Input Frequency (MHz) 33.333333 CPU Clock Ratio 6:2:1 hd
Q|
PS-PL Configuration =a| Search: |\
=9
g ) =5
Peripheral /O Pins | Component Clock Source Requested Frequ... Actual Frequency... Range(MHz)
B [+ Processor/Memory Clocks |

MIO Configuration

- 10 Peripheral Clocks

Clock Configuration [} PL Fabric Clocks

| FCLK_CLKD I0 PLL ~ 1 100.000000 100.000000 0.100000 : 250.000000'

||| bor Configuration

l:‘ FCLK_CLK1 10 PLL 200.000000 200.000000 0.100000 : 250.000000

SMC Timing Calculatig

- [ Fek ke 10 PLL 200.000000 200.000000 0.100000 : 250.000000
RiEpt ] FOLK_CLK3 10 PLL 76.923080 76.923080 0.100000 : 250.000000
[+ System Debug Clocks
+ Timers

“. In contrast to Vivado 2003.2, the "Run Block Automation" function will remove all peripherals that
are not connected internally or externally in the "design_1" diagram as shown in the following
figure. Hence, by generating the corresponding HDL wrapper (see next step), all signals will also
be removed automatically in the "processing_system7_0" component of the "design_1.vhd" HDL
wrapper. For this reason, we recommend to use manually the "Make external" function in the
context menu as it has been described previously (particularly, when you are planning to edit the
corresponding HDL wrapper later as it will be also shown later in this step-by-step tutorial)!
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Diagram — 0O« %
31| & design_1 |
C¢| (@ Designer Assistance available. [Run Block Automation] 1 ‘
Qg I‘ ik /processing_system7_0 |2. i
)
R #- Run Block
=)
@ @ Zynq7 block automation generates external connections for FIXED_IO and DDR interfaces.
Q,
{; Instance: /processing_system?7_0
= Make Interface External: FIXED_IO, DDR
E 3 Apply Board Preset:
FIXED_IO
processing_system?7_0
DDR 4+
FIXED_IO<4-
USBIND_ 04 |||
TTEO_CLKO_IN
TTCO_CLK1_IN = AL |
'I'FCD_CLKZ_IN ZY NQ e OCT
gie * TTCO_WAVEL OUT|
M_AXI_GPO_ACLK
TTCO_WAVE2_OUT|
FCLK_CLKO
FCLK_RESETO_N
ZYNQ7 Processing System
4.
4 L3

9.) Then, the corresponding HDL wrapper is created (1) by chosing the non-default option "Copy generated
wrapper to allow user edit" (2):

File Edit Flow Tools Window Layout View Help
ARBaeRRX TP > B 6K E S B LK@ —
Flov Navigator < | Block Design - design 1~ x
== Sources — O x| [ Diagram x | & Address Editor x| oe x
=y
5
4 Project Manager = e J|adeswgn,l
@ Projat Setings S D soucee ) IS g
&% Add Sources {F design_1_processing_sy| @ Source Node Properties. strg+E
1F 1P catalog 5 Constraints
-5 Simulation Sources (1) & Openfile Alt+0
4 [ Integrator Create HDL Wrapper... = processing_system?_0
% create Block Design
View Instantiation Template P10 04 GPIO_0
52 Open Block Design e pely
Generate Output Products.
#3 Generate Block Design S FIXED_ 104 FIXED_1O
eset Output Products.
4 Simulation 5 nc_i4 nc1
@ Simulation Settings Export Hardware for SDK. st
(@ Run Simulation Package Block Design. @4l
= TTCO_CLKO_IN CAN_14-
4 RTL Analysis Replace Fi =TTCO_CLKL_IN - SDIO_0 4
> % Open Elaborated Design ® Copy File Into Project drwcemw  ZYNQL SEmie
o . M_AXI_GPO_ACLK USBIND_0 <
4 Synthesic Copy Al Files Into Project Alt+] B i
& Synthesis Settings X Remove File from Project. Entf TTCO_WAVED_OUT
$ Run Synthesis < I} Enable File Alt+Entspricht D VB oL
b Open Synthesized Design i TTCO_WAVE2_OUT
ez & Hierarchy | 1P Sources | Libraries | | Disable File Alt+Minus e
. Empémematmn £ Sources | | Design Hierarch Hierarchy Update » FCLK_RESETO_N
Implementation Settings |, source File Proy
B peries @ Refresh Hierarch
e e — W ZYNQY Processing System
b [@¥ Open Implemented Design | [PHi=rarciy 4
o & SetasTop
4 Program and Debug . ; .
8 i (emies DTFNZER et a5 Out-of-Context Module..
36 Corarae st Type: HockDesg| . o @ You can either add or copy the HDL wrapper file to the project. Use copy
e b o g | YP option if you would like to modify this file.
© g% Open Harduare Manager i 9 Set Used In, Il options
B Launch iMPACT Sz AlE =
Modfed: Todayat1s|  Edit Constraints Sets.. 0 5bi Generated virapper 1o Bloii USer 8dtd
Copied to: <Profect Dirl  Edit Simulation Sets. - ; ’ ;
s No () Let Vivado manage wrapper and auto-update
S @ Add Sources. Alt+A
gl i ] YO0 5 o
S| 7 ' x
Tel Console — Qe x
[ [ 1vro: [257-1] Applying Custom Preset D:/Trenz-Electronic/TE0720-01-Common/TEQ720~01 a.xml... =
eas| 2pply bd_sutcmation -rule xilin.com:bd rule:processing system -config (make_external "FIXED IC, DDR" apply board preset "1" } [get_bd_cells processing_system?_0]
/ 2pply_bd_sutomation: Time (s): cpu = 80 7 : elapsed = 00:00:14 . Memory (MB): peak = 2034.31% ; gain = 21.125
[ it i Tl b s w s
& Cundo
[y (TNFO: [Comn 17-17] undo 'secproperty location (1 -57 161) [get bd cells processing system? 0]'
| | conece_bd_ne (Get_bd pins proseasing_eysten_O/TCLECLRG] [qec_bi_pine processing_syaven O/ RKI_GR0_ACIA]
regenerave_bd_layous
=|
« >
Messages | B Log
Generate HDL wrapper file and copy into project

10.) Before the hardware design can be exported, the "IP Integrator" design has to be generated:
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| TE0720_HelloWorld - [D:/Trenz

d.xpr] - Vivado 2013,

File Edit Flow Tools Window Layout View Help Q- Se:
AR 0OZR X DD XS K| T (@ [ efaut Layout I HeX® Ready
Flow Navigator «| | Block Design - design_1 X
== Sources — 02 X | [ Diagram x | & Address Editor x| o x
4 Project Manager A L& a 31 4 design_1
[+ Design Sources & =
fﬁ (R EEEETED (1@ desig pper - STRUCTURE (cecicn 1 wrap || o
&% Add Sources 54
1P Cotalog {design_1.vi| @ Source Node Properties. Strg+E
F processing_system?_0 - design_1| 5, .
4 1P Integrator [ Constraints Openliic QIO
% Create Block Design [ Simulation Sources (1) Create HDL Wrapper.
52 Open Block Design View Instantiation Template
& Generate Block Design Generate Output Products. 1. processing_system?7_0
4 Simulation Reset Output Products... PI0. ¢ GPIO_0
3 ST ST Export Hardware for SDK. DOR
Run Simulation FIXED_IO: FIXED_IO
Package Block Design - e
4 RTL Analysis o -
© % Open Elaborated Design e
o CAN 00
4 Synthesis =TTCO_CLKO_IN CAN_14
C es Into t Alt+] 1
5 Synthesis Settings . L ZYNQ‘ A0k r
> . - X Remove File from Project.. Entf —TTeo_cLk2 I 8 SDI0_14+ i Generate Output Products =X
_ o M_AXI_GPO_ACLK USBIND_0<4
> @ Open Synthesized Design i Enable File Alt+Entspricht Py
Hierarchy | 1P Sources | Libraries | Compile Order | i M_AXI_GPO @ The following output products wil be
4 Implementation 4 Sources | H Design Hierarchy Disable File Alt+Minus TTCO_WAVED_OUT / e,
&5 Implementation Settings . Source File Properties _| Hierarchy Update » ;g,m:;,gﬁ: ErmeTy
[> Run Implementation H @ Refresh Hierarchy = i @[ design_1.bd
b [@¥ Open Implemented Design| | o = 3 synthesis
P P 9 1P Hierarchy » FCLK_RESETO_N| Z 9 Implementation
A s —— 2| 3 Simulation
glinamandbebig Location: 0:/Trenz-Electronig/TEo720] *  °°1 25 190 2YNQ7 Processing System
g I SEE Type: Block Designs Set as Out-of-Context Module...
¥) Generate Bitstream
» & Open Hardware Manager Part: No part found Set File Type.
B Lounch iMPACT Sizet s6K8 Set Used In..
Modified: Today at 18:35:30 PM
Copied to: <Project Directory>/TE0720| L0t COnstraints Sets.
Reterp Mo Edit Simulation Sets. Skp.
ar = @ Add Sources. Alt+A 3
Properties | Go Ta Source F7 |
Tel Console —Oex
[ Umake_wrapper ~files (get files Di/Trenz-Electronic/T£0720_RelloWorld/TEQ720_fiel loWorld. szoa/ sources_L/bd/design 1/desiqn 1.bd] ~top .
| | VEDL Ourput written to @ desion 1.vhd
| VEDL output written to : design 1 wrapper.vhd
T0| | vrove. + <b: trens-Elaceoonio/TEoTo0, Hel oWorie/ TEOT20_HelLoWoria. spos/sources_1/b/desiqn_1/desiqn 3.ba>
)| ( make_wrapper: Time (s): cpu = 00:00:05 ; elapsed = 00:00:06 . Memory (MB): peak = 1354.590 ; gain = 0.000
[@| | tmwors files force —norecuree D:/Trens-Electronic/TEOT20_Relloliorld/TE0720_HelloWorld. sxcs, souroes_1/bd/desian 1/hd1/desian 1 wrapper.vhd
= updace compile_order —fileset sources 1
R upaace_conpite orger ~fileset sm 1
save_bd_design
‘Wrote : <D:/Trenz-Electronic/TE0720_felloorld/TE0720_HelloWorld. srcs/sources_L/bd/design_1/design_1.bd> ~=
<« »
15 Td Console | © Messages | [ Log

11.) Finally, export hardware for SDK (menu "File -> Export -> Export Hardware for SDK...") and launch
SDK:

4. Export Hardwarefurm‘ g

ﬂ Export hardware platform for SOK.

Options
Source: # design_1.bd -
Exportto: | & <Local to Project> -
Workspace; | &0 <Local to Project> -

|+ Export Hardware

Include bitstream (Note: an implemented design mu...

Cancel

@ The exported source "design_1.bd" is a hardware description only and the following files are
generated by the Vivado IP Integrator [Xilinx UG898: Embedded Processor Hardware Design
(v2013.3), p.41]:

File Description
system.xml  This file opens by default when you launch SDK and displays the address map of your system.

ps7_init.c
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File Description
ps7_init.h The ps7_init.c and ps7_init.h files contain the initialization code for the Zyng Processing System and initialization

settings for DDR, clocks, PLLs, and MIOs. SDK uses these settings when initializing the processing system so
applications can run on top of the processing system.

ps7_init.tcl This is the Tcl version of the INIT file.

ps7_init.html  The INIT file describes the initialization data.

Note: See the "Xilinx UG821: Zyng-7000 All Programmable SoC Software Developers Guide" for
more information about generated files.

There is no bitstream required for the follwing simple software "Hello World" application to be
executed on the Xilinx Zynqg Processing System (PS), since the ARM Cortex A9 dual core is
already present in the FPGA. Basic initialization of this system to run a simple application is done
by the device initialization TCL script.

Only if additionally a Xilinx Zynq Programmble Logic (PL) design is required to be configured (e.g.,
to access the TEO0701 on-board HDMI interface), the corresponding bitfile must also be exported to
SDK. Note: The corresponding option can be selected only when the implemented design has
been opened in Vivado! For more details on the synthesis and implementation process, please
refer to the later section "Vivado Flow | Hardware Synthesis & Implementation”.

Software Implementation: Create First Stage Boot Loader (FSBL) and "Hello World"
application project in SDK

1.) After the SDK GUI has been launched, first of all, a new Xilinx Application Project is created. More
precisely, a Zynq First Stage Boot Loader (FSBL) project:
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& C/C++ - hw_platform_0/system.xm! - Xilinx SD ENE~
File] Edit Source Refactor Mavigate Search Run Project Xilink Tools Window Help
New Alt+Shift+N» | & Application Project X ‘@ = [@cce+
Open File... . Board Support Package
4 Project. = = =
Close crsw |5 P O|Eou 2\ @Ma| = O
Close All CtrlsShiftsw | &5 Source Folder = = ||An outline is not available.
% Folder ation
Save Ctrl+S & Source File 3
Save As.. [n Header File
Save All Ctrl+Shift+5S l'_|<> File from Template
Revert @& Class
Move.. T Other.. Ctrl+N | 1.
Rename... F2 loce
£ | Refresh £s ssor ps7_cortexa9_0
Convert Line Delimiters To 0 O=f£B8008000 Dx£800B££F
Print.. Cirl+P 1 0z£8009000 0z£8009£ff
2 0x£300a000 0xf800afff
Switch Workspace 3 0x£B00LO00 OxFBODLEFE
Restart 0 Dze0008000 OxeD00GEEE
5 Import.. 1 Oxe0009000 Oxe0009££F
4 Export.. 0 0x£8800000 OxfBBEELEE
O0xz00100000 Ox3fffEEEF
Propertles AIt+Enter F_E ﬂxrﬂﬂﬂﬁ.ﬂﬂﬂ ﬂXC‘QﬂﬂGC‘C‘C‘ i
1 ps7_init.c [hw_platform_0]
2 systemxml [hw_platform_0] fE Console 2~ B Properties}@Terminaﬂ Bl A B~ri~=0O
Exit
TorerTer—rro— Processing command line option -hwspec D:/Trenz-Electronic/ =
« 1 »
: e

Wizards:

| type filter text

I = General
b= CIC++
I+ = Remote System Explorer
4 = Xiling
| & Application Project|| 2.
i, Board Support Package
Hardware Platform Specification
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Create a managed make application project.

E—

[~

Project name:| TE0720_fsbl| 4.

Use default location

Location: | D:\Trenz—EIectronic\TEU?20_HeIIoWorId\TED?2D_HeIIoWorId.sdk\SD| | Browse... |
Choose file system: |default ~
Target Hardware
Hardware Platform lhw _platform_0 V]
Processor l ps7_cortexa9_0 v l
Target Software
OS5 Platform lstandalone V]
Language @C ©C++
Board Support Package (@) Create New TEO720_fsbl_bsp
() Use existing =
@ < Back Next > finish || Cancel
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|| Templates
|

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

TEO720 User Manual

S

s

I project.
|| Available Templates:
Dhrystone First Stage Bootloader (FSBL) for Zyng. The =
Empty Application FSBL configures the FPGA with HW bit stream
Hello World (if it exists) and loads the Operating System
IwIP Echo Server (OS) Image or Standalone (SA) Image or 2nd
Memory Tests Stage Boot Loader image from the
Peripheral Tests non-volatile memaory (NAND/MNOR/QSPI) to
6. supports multiple partitions, and each
partition can be a code image or a bit
stream.
©) <Back |  Next> | ginish ||| cancel
7

Revision: 0.2

2.) Secondly, a application project is created, which will be associated with the previously generated Zynq

FSBL:
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& C/C++ - hw_platform_0/system.xm! - Xilinx SD ENE~
File] Edit Source Refactor Mavigate Search Run Project Xilink Tools Window Help
New Alt+Shift+N» | & Application Project X ‘@ = [@cce+
Open File... . Board Support Package
4 Project. = = =
Close crsw |5 P O|Eou 2\ @Ma| = O
Close All CtrlsShiftsw | &5 Source Folder = = ||An outline is not available.
% Folder ation
Save Ctrl+S & Source File 3
Save As.. [n Header File
Save All Ctrl+Shift+5S l'_|<> File from Template
Revert @& Class
Move.. T Other.. Ctrl+N | 1.
Rename... F2 loce
£ | Refresh £s ssor ps7_cortexa9_0
Convert Line Delimiters To 0 O=f£B8008000 Dx£800B££F
Print.. Cirl+P 1 0z£8009000 0z£8009£ff
2 0x£300a000 0xf800afff
Switch Workspace 3 0x£B00LO00 OxFBODLEFE
Restart 0 Dze0008000 OxeD00GEEE
5 Import.. 1 Oxe0009000 Oxe0009££F
4 Export.. 0 0x£8800000 OxfBBEELEE
O0xz00100000 Ox3fffEEEF
Propertles AIt+Enter F_E ﬂxrﬂﬂﬂﬁ.ﬂﬂﬂ ﬂXC‘QﬂﬂGC‘C‘C‘ i
1 ps7_init.c [hw_platform_0]
2 systemxml [hw_platform_0] fE Console 2~ B Properties}@Terminaﬂ Bl A B~ri~=0O
Exit
TorerTer—rro— Processing command line option -hwspec D:/Trenz-Electronic/ =
« 1 »
: e

Wizards:

| type filter text

I = General
b= CIC++
I+ = Remote System Explorer
4 = Xiling
| & Application Project|| 2.
i, Board Support Package
Hardware Platform Specification
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@ New Proje

Application Project

|| Create a managed make application project.

Project name:l TE0720_HelloWorld 4. I

Use default location
Location: | D:\Trenz—EIectronic\TEO?20_HeIIoWorId\TED?2D_HeIIoWorId.sdk\SD| | Browse... |

Choose file system: |default «

Target Hardware

Hardware Platform lhw _platform_0 V]

Processor l ps7_cortexa9_0 v l

Target Software

OS5 Platform lstandalone V]

Language @C ©C++

Board Support Package (") Create New | TEO720_HelloWorld_bsp |
|® Use existing |TEO720_fsbl_bsp 5. -

@ <Back | Next> || Enish || Cancel
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'@ New Project g X

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

Awvailable Templates:

Dhrystone Let's say 'Hello World' in C. -
Empty Application

IwIP Echo Server 7.

Memory Tests

Peripheral Tests

Zyng FSBL

©) | <Back | Nex> || mnsh || cancel |

3.) Next, the "Hello World" application project can be customized (Note: Saving all files (3) will automatically
rebuild the project):
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09 C/C++ - TEO720_HelloWarld/src/hellowarld.c - [ETER=X
Eile Edit Source Refactor Mavigate Search Run Project Xilinx Tools Window Help
orHEe s-4-6 B v @y B-O0-@v N F #2EE @~ = [Edce
BE@m.d-freec~y3~
[ Project Explorer = B/l system.xml frm system.mss # = M] = =0
&E|¥~ * PS7 UART (Zyng) is not initialized by this application, since - =
4 [ hw_platform_0 * bootrom/bsp configures it to baud rate 115200 AW e %
S
[€ ps7_initc - U stdioh
ps7_inith % | UART TYPE BAUD RATE \ S platiom i
@ ps7_inithtml Bl | ++ print(char®) : v
ps7_inittcl = uartns55@8 9600 e main():int
¥

@ ps7_summary.html
[ systemoxml
I &5 TEO720_fsbl
i {5 TEO720_fsbl_bsp
4 =% TEOT20_HelloWorld
- ¥ Binaries
i &l Includes
I (= bootimage
I (= Debug
4 (= src
» [H platform_config.h
» [g platform.c
o [0 platform.h
& Iscript.id

uartlite Configurable only in HW design
*  ps7_uart 115200 (configured by bootrom/bsp)

#include <stdio.h>
#include "platform.h"

void print(char *str);

=1int main()

init_platform();

11

print("Hello TE@720 :)\n\r"); 2

return @;

»

e

]
[2l Problems ¥ Tasks | & Console 32 . E P[operties]@Terminaﬂ

CDT Build Console [TEQO720_HelloWorld]

Bl EMERIfB~vriv=C

make :

e

Fiir das Ziel »all« ist nichts zu tun.

19:46:31 Build Finished (took 154ms)

D<>

| Writable | Smarthsert | 43:19

4.) Finally, the boot image must be created:
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& C/cr+ - TEOT20

File Edit Source Refactor Navigate Search Run Project Xilinx Tools Window Help

BrHEE 8-R -6 @-&8-E-@- $-0~-Q- i 0 8 E &P B0 LoD B [Egcs]
= O |[g systemxml ([, systemmss & = 8)(BE=ou % Ma| =B
EE15.0 ~ ||An outline is not available.
B %] TE0720_fsbl bsp Board Support Package =
4 (% hw_platform_0 _ -
[@ ps7_init.c -
osT-inith Modify this BSP's Settings
@ ps7_inithtml S
ps7_initcl il
@ ps7_summary.htmi This Board Support Package is compiled to run on the following target.
[ systemxml Hardware D:Trenz-Electronic\TEO720_+ \TE0720_HelloWorld sdk\SDK\SDK_Export\hw_platform_0\system.xmi
» 15 TEO720 fsbl Target Processor: ps7_cortexag_0
© {# TE0720_fsbl_bsp
a ‘W Oneratina Svstem A
= = S , =
o 4 Binaries New
» &) Includes Golnto
v @ Debug Open in New Window
v s @y Ctrl=C  level software layer. It provides access to basic processor features such as caches, interrupts and exceptions as well as the basic features of a hosted
e Cirley  [dinputand output, profiling, abort and exit.
X Delete Delete
Source ,
Move
Rename. F2
&3 Import. i
4 Export.
Build Project
Clean Project bn Examples
&) Refresh Fs
on Examples
Close Project
Close Unrelated Projects
Build Configurations >
Make Targets » bn Examples
Index > bn Examples
Show in Remote Systems view on Examples
Convert To pn Examples
Run As »
Debug As » bn Examples
Profile As ’ "
Team B
Compare With » =
Restore from Local History. Jerties| & Terminal S TEBER#BY0Y=0
% Run C/C++ Code Analysis
T Generate Linker Script
Wl,_Change Referenced BSP
A Create Boot Image 1. El
C/C++ Build Settings =
o 8 TEO720 Hel{  Properties Alt+Enter

Create Zynq Boot Image

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

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

BIF file path 2. Di\Trenz-Electronic\TEO720_HelloWorld\TE0720_HelloWorld.sdk\SDK\SDK_Export\TE0720_HelloWorld\bootimage\TEQ720_HelloWorld bif Browse

Use Authentication
Authentication keys

PPK ‘ ‘ | Browse‘ PSK ‘ ‘ | Browse ‘

SPK ‘ ‘ | Browse‘ SSK ‘ ‘ | Browse ‘

SPK Signature ‘ ‘ | Browse‘

Use encryption
Encryption key

Key file | ‘ | Browse ‘

Key store (@ BRAM (©)

Boot image partitions

File path Encrypted  Authenticated [ Add ]
: (bootloader) Di\Trenz-Electronic\TE0D720_HelloWorld\TE0720_HelloWorld.sdk\SDK\SDK_Export\TEO720_fsbl\Debug\TE0720 fsbl.elf none none
DA\Trenz-Electronic\TE0720_HelloWorld\TE0720_HelloWorld.sdkK\SDK\SDK_Export\TE0720_HelloWorld\Debug\TE0720_HelloWorld.elf none none
Qutput path Di\Trenz-Electronic\TE0720_HelloWorld\TEQ720_HelloWorld.sdk\SDK\SDK_Export\TE0720_HelloWorld\bootimage\output.bin Browse
@ |I Create Image I” Cancel ]
2L

5.) ... and the newly generated boot image "output.bin" (may be renamed to "boot.bin") and copied onto a
SD card, which must be formatted with a FAT32 file system.
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(UARTO) and the host PC, please consult Vivado Flow (Video and Step-by-Step Tutorial) |
Debugging the "Hello World" Project.

Hardware Synthesis & Implementation
Starting from this point, we are going to create (similarly to the TE0720 GigZee Zynq SoM | Reference
Projects | Base PlanAhead Project, however, the implementation is achieved a little bit differently in Vivado)
a custom PS wrapper which communicates with the PS via the EMIO interface and pass 12C signals and one
GPIO pin to the on-board CPLD (TE0720 User Manual | System Management Controller). Inside the CPLD,
an 12C switch controlled by the GPIO pin X0 is implemented.

Revision: 0.2

1.) Open the previously generated HDL Wrapper "design_1_wrapper.vhd" and comment external 12C1 and
GPIO signals and add CPLD signals to the "design_1 wrapper" entity:

/. TE0720_HelloWorld - [Dy/Trenz-Electronic/TE0720_HelloWorld/TE0720_HelloWorldxpr] - Vivado 20133 =l

File Edit Flow Tools Window Layout View Help

AR deRHX 9D H(S K| T (G [ oefaut Layout
«| | Block Design - design 1

Flow Navigator
A=

4 Project Manager
5 Project Settings
% Add Sources
1F 1P Catalog

| 4 1P Integrator

2 Create Block Design
52 Open Block Design
£ Generate Block Design

4 Simulation
5 Simulation Settings
@ Run Simulation

4 RTL Analysis
> &% Open Elaborated Design

4 Synthesis
5 Synthesis Settings
$ Run Synthesis
> % Open Synthesized Design

Implementation
5 Implementation Settings
[> Run Implementation

> % Open Implemented Design

4 Program and Debug
5 Bitstream Settings
¥ Generate Bitstream
> @% Open Hardware Manager
B Launch iMPACT

RN @

Synthesis and Implementation Out-of-Date more info

VHDL-Code (to copy & paste):

X5
X7
X0
X1

Copyright © 2014 Trenz Electronic GmbH

| 2C -
in STD LQOA G, --
out STD LOA C; --
out STD LOAC, --
out STD LOG C, -

CPLD connecti on

i 2c_sda_in
i 2c_sda_ou
i 2c_sw

i 2c_scl _ou

| 2C TEO701
i 2c_scl _pin
i 2c_sda_pin

inout STD LOEC, --
inout STD LOAC --

Pag

t

t

TEO701 HDM SCL
TEO701 HDM SDA

e 160 of 202

<]
Sources — 0 x| [i=Dagram x | Address Editor x |G design_1_wrapper.vhd * x o x
RN 3| D:/Trenz-Electronic/ TE0720_HelloWerld/TEQ720_HelloWeorld.: S 1/i B
e Design Sources (1) 1| Librazy TEEE; uae IEEE.STO_LOIC 1164.ALL; -
P i ccign.1_wrapper - STRUCTURE (design..i_wrapperhd) (1) B I 2| 22ibrary mrism; use IS veoMPONENTS.ALL: M
) design_1_i - design_1 (design_1.bd) (1) e =
E4éb design_1 - STRUCTURE (design_1.vhd) (1) Ky
& processing_system?_0 - design_1_processing_system7_0_0 (design_1_processing_system7_0_0.xci) | | (3 i
| Constraints B
) Simulation Sources (1) =
x
"
) out STD_LOGIC VECTOR ( 3 dwnto 0 ):
gl = out STD_LOGIC VECTOR ( 31 downte 0 )7
&l g, inout STD_LOGIC VECTOR ( 3 downto 0 );
& 15 1nout STD_LOGIC VECTOR ( 3 downto 0 ):
9| e nout STD_LOGIC:
Hierarchy | P Sources | Libraries | Compile Order ol 17 inout STD_LOGIC;
@ : inout STD_LOGIC;
& Sources | H Design Hierarchy 5 1 T _1061C;
Source File Properties _ouizx [l 2 inont STRLOSICH
S = inout STO_LOGIC:
« »> &L 22 TD_LOGIC VECTOR ( 53 downto 0 );
@ design_1_wirapper.vhd 23
21
Location D:/Trenz-Electronic/ TE0720_Helloworld/TE0720_Helloworld.srcs/sources_1/imports/hdl 25
25
Type: vioL | [ e
Part: xc72020clg484-2 28
20
Library: work | [-] =
Size: 214 K8 31
Madified: Friday 03.01.14 02:25:34 PM 2§
Copied to: <Project Directory>/TE0720_HelloWorld.srcs/sources_1/imports/hd =
Copied from:  D:/Trenz-Electronic/ TE0720_HelloWorld/TE0720_HelloWarld.srce/sources_1/bd/design_1/hdl/design 35 2,
Copied on: Friday 03.01.14 02:25:34 PM “l
37
Roackony: o 38end design 1 wrapper;
[¥] Enabled 39
40architecture STRUCTURE of design 1 wrapper is
U=t 41 component design 1 is
[¥] synthesis 42 port (
a3 inout STD_LOGIC:
Simulation 44
15 <
<[ 1 » O sl »
General | Properties & Find ~ | © Find Next @ Find Previous [=] Highlight "] Match Case | Whole Words
Td Console _ouex
[ T import_files —force -norecurs Electronte/TE0720_Hellokor 1a/TEQT20_RelloWorld. szcs/ ssurces_1/bd/design_1/hdl/design 1 wrapper.vad =
| Copen_pd_design (D:/Trenz-Ele TEQ720_Hellokor1d/TEN720_HelloWorld. axca/sources_1/bd/design 1/design_1.bd}
~| | acding component instance blo 1110x. Con: 1p:processing_ayatentis.3 - Drocessing_system 0
Successfully read diagram <design 1> from BD file <D:/Trenz Electronic/TEQ720_elloWorld/TEQ720_HelloWorld. srcs/sources_1/bd/design_1/design_1.bd> [
- < [ J >
X [(tspe 2 7ot connand nere
15 Tcl Console | © Messages | & Log
a7:0 Insert | vhDL

http://www.trenz-electronic.de



o

s trenz

@ ¢lectronic
0

TEO720 User Manual

Revision: 0.2

2.) ... add signals to the architecture section (Note: You may also comment the automatically generated 12C1
and GPIO signals as well as the 32 instantiations of the GPIO tristate signal buffers):

design_1_wrapper.vhd *
I:EI D:/Trenz-Electronic/ TEOD720_HelloWorld/TE0720_Helloworld.srcs/sources_1/imports/hdl/design_1_wrapper.vhd

bR — g

217 signal gpio i
218 signal gpio o :
219 =s3ignal gpio t :
220 signal ps_i2c sda i :
221 signal ps_i2c_ada o :
222 3ignal ps_i2c ada t :
223 3ignal ps i2c scl i :
224 signal ps_i2c scl o :
225 3ignal ps i2c acl t :

226 begin
227 --GPIO
228 —-
229 —-
230 —-
22—
232 —-
2 —
234 —-GFT
25—
236 —-
2o —
238 —-
20—
240 —-

]

3da_t © 3

IEIEI
28
[ 1)

I

: STD_LDGIC VECTOR(31
STD_LOGIC VECTOR(31 downto 0):
STD_LOGIC VECTOR(31 downto 0):
STD_LOGIC:
STD_LOGIC:
STD_LOGIC:
STD_LOGIC;:

e [

downto 0);

<l

*

m

s

VHDL-Code (to copy & paste):

si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal

ps_i 2c_sda_i STD LOd G,
ps_i2c_sda o : STD LOG C
ps_i2c_sda_t STD LOd G
ps_i2c_scl _i STD LOd G,
ps_i2c_scl _o : STD LOGE C

STD LOd G

ps_i2c_scl _t

gpi o_i

gpio_o :

gpio_t

STD LOd C VECTOR(31 downto 0);
STD LOd C VECTOR(31 downto 0);
STD LCd C_VECTOR(31 downto 0);

3.) ... replace the port mapping of GPIO (i.e., by commenting the 32 GPIO_0 _tri_i, 32 GPIO_0_tri_o, and 32
GPIO_O0_tri_t port mappings and replacing them by the corresponding GPIO vectors) as well as 12C1.:
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design_1_wrapper.vhd * — O a %
E% | D:fTrenz-Electronic/TEO720_HelloWorld/TE0720_HelloWorld.sres/sources_1/imports/hdl/design_1_wrapper.vhd
" _|465design 1 i: component design 1 -
=) 468 port map
A 267 DDR_addr (14 downto 0} => DDR_addr(l4 downtc 0),
Lo | 468 DDR_ba{2 downtc 0) => DDR ba(2 downto 0},
| 469 DDR_cas_n =>» DOR_cas_n,
Ela7o DDR ck n => DOR ck m,
0] 472 DDR_ck p => DOR_ck_p,
3| a72 DDR_cke => DDR_cke,
."I."I 473 DDE_cs_n => DDR_ca_n,
DDR_dm{3 downtc 0) => DOR_dm(3 downto 0},
DDR_dg (3l downto 0) => DDR dq(3l downto O),
l‘ 474 DR _dgs n(3 downtc 0} => DDR dgs n({3 downtc 0),
_'J 477 DIR_dgs p(3 downto 0) => DDR dgs p(3 downto 0),
“larn DDR_odt => DDR_odt,
@ 473 DDE_ras_n => DDR_ras_n,
o |2s0 DDR_reset_n => DDR_reset_n,
v 481 DDR_we_n => DOR_we_n,
@ 482 FIKED IO ddr vrn => FIXED IO ddr vrn,
E 483 FIXKED I0 ddr vrp => FIEED IO ddr vrp,
& 484 FIXED I0 mic(S3 downto 0) => FIXED IO mic(S3 downto 0),
=485 FIXED I0 ps_clk => FIKED IO ps_clk,
488 FIXED I0 ps_porb => FIEED I0 ps_porb,
487 FIKED I0_ps_srstb => FIXKED I0_ps_srstb,
488 — GPIO_0_tri_if(31) => GPIO 0 tri i_31(31},
489 — GPIO 0_tri i(30) =» GPIO 0 _tri i 30(30),
480 —— GPIO 0 tri i(29) => GPIO 0 tri i 29(29),
SiEA — GPIO 0 _tri t({l) => GPIO 0 tri t 1(1},
583 — GPIO 0 tri t{0) => GPIO 0 tri t 0(0),
584 — TTC 1 sc) 3 => 1IC 1 =scl 3,
585 —— IIC 1 scl o => IIC 1 scl o,
586 —— FIC 1 scl © => IIC 1 =cl t,
587 — I1IC_1 sda_i =» IIC 1 sda i,
SERE IIC 1 ada o => IIC 1 =sda o,
SEE =— IIC 1 ada t => IIC 1 =da t
530 GPIO 0 tri i => gpio i,
251 GPFIO 0_tri o => gpic_o,
592 GPIO 0 tri t =» gpio t
593 IIC 1 =cl i =>» pa_ilZe scl i,
594 IIC 1 scl o => ps_iZc scl o,
5485 IIC 1 scl t => pa iZc acl t,
596 IIC 1 sda i =» ps_iZc ada i,
587 IIC 1 sda o => ps_ilc =sda o,
598 IIC 1 sda t => ps_iZc sda t, M
599 i ‘E
600 end STRUCTUEE; —
4 3

VHDL-Code (to copy & paste):

GPIOO_tri_i => gpio_i,
GPIOO_tri_o => gpio_o,

GPIO O tri_t =>gpio_t,

I1C 1 scl_i => ps_iZ2c_scl_i,
I1C 1 scl_o => ps_iZ2c_scl _o,
I1C 1 scl t => ps_i2c_scl _t,
I1C 1 sda_i => ps_i2c_sda_i,
I1C_1 sda_o => ps_i2c_sda_o,
I1C 1 sda t => ps_i2c_sda_t
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4.) ... and finally, some "glue" logic has to be added to the architecture section:

design_1_wrapper.vhd * — O a x
;ﬁ D:/Trenz-Electronic/ TED720_HelloWorld/TED720_HelloWorld.srcs/sources_1/imports/hdl/design_1_wrapper.vhd
| 586 —- IIC 1 _scl t =» IIC 1 scl t, -
e 587 — 3 '
| see - 3 ;
de| 589 - 1 = _ada_t
=) 590 GPIO_O_tri_i =>» gpic_i,
| 2L GPIO 0_tri_o => gpic_o,
14| 592 GPIO 0 tri_t =» gpio_t,
o | 593 IIC 1 3ecl i =>» ps_i2c scl_i,
."I."I 594 IIC_ 1 scl o => p3_i2c scl o,
| [=ES IIC 1 scl t => ps_i2c scl t,
=596 IIC_1_sda_i => ps_iZc_sda_i,
o | 597 IIC 1 3da o =» p3_i2c_sda o,
__J 558 IIC 1 sda t => p3_i2c sda t
@ 599 )i
| 600 — glue legic for I2C and GPIOD
~ | 801 gpio_i <= x"12345678"; -
Yleoz X0 <= not gpic_o(0); --
¥ 603 ps_i2c sda_i <= X5 and i2c_sda_pin; o
3 604 p3 i2¢c 8cl i <= p3 i2c acl o or p3 iZc 5C1 T: e
3 605 X7 <= pa_i2c ada o or ps_iZc ada t; ==
= | 60é i2c_=sda pin <= ps_iZ2c sda_ o when (ps_i2c sda t = "0") else "2'; -- TE
607 X1l <= pa i2c 3¢l o or ps_iZc 3cl t; — C
a08 i2c scl pin <= pa_i2c 3cl o or p3 i2c scl t; = .
609 end STRUCTURE; N
L) 2
VHDL-Code (to copy & paste):
-- glue logic for 12C and GPI O
gpio_i <= x"12345678"; -- Stub for GPIO input signals
X0 <= not gpio_o(0); -- 12C bus switch control signi
ps_i2c_sda_i <= X5 and i2c_sda_pin; -- SDA in
ps_i2c_scl i <= ps_i2c_scl _o or ps_i2c_scl_t; -- SCL feedback
X7 <= ps_i2c_sda o or ps_i2c_sda_t; -- CPLD SDA
i 2c_sda_pin <= ps_i2c_sda_o
when (ps_i2c _sda t = '0") else 'Z; -- TEO701 SDA
X1 <= ps_i2c_scl_o or ps_i2c_scl _t; -- CPLD sCL
i 2c_scl _pin <= ps_i2c_scl_o or ps_iZ2c_scl _t; -- TEO701 SCL

5.) Create a new XDC constraint file and add the following XDC constraint file "design_1 wrapper.xdc":
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167 Design Sourd™ g 4y gources (Alt+A)
[=-dligh design ;i ; ;
-4 desig Specify and/or create source files to add to the project.

=i design_1 - STRUCTURE (design_1.vhd) (1)

=

=i constrs_1
= Simulation Sources (1)

-3 processing_system7_0 - design_1_processing_system7_0_0 (design_1_proce

<« | 1 | r O

IF Sources | Libraries | Compile Order |

Add Sources

This guides you through the process of adding and creating sources for your project

(@) Add or Create Constraints| 2.

w.f_.- Add or Create Design Sources
w.f_.- Add or Create Simulation Sources
(7) Add or Creste DSP Sources

(7) Add Existing Block Design Sources

(7)) Add Existing TP

To continue, click Next

Finish
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4 Add Source:

Add or Create Constraints
Specify or create constraint files for physical and timing constraint to add to your project.

Specify constraint set: | &= constrs_1 (active)

Constraint File Location

B4 design_1_wrapper.xdc D:\Users\Sven-Ole Voigt'\DownIoads| 5.

| Copy constraints files into project| 6.

e
|[ Finish ]|[ Cancel

@ Generally, if you would like to use an "old" UCF file, you may use our following perl script (which
follows the instructions of the Xilinx UG911 (v2013.3) "ISE-Vivado Design Suite Migration Guide";
see section "UCF to XDC Mapping", p.23) to easily convert the physical constraints from an
existing UCF input file:

#-- Copyright (c) 2014 by Trenz El ectronic.
#-- Hol zweg 19a, 32257 Buende, Gernany, www. trenz-el ectronic.de

Hoo o o o o o e e o o o e e e o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeo -
#-- Project: TEO7xx Series
#-- File: ucf 2xdc. pl

#-- Description: Perl script to convert Xilinx ucf to xdc contraint files.

#-- Hi story: 2014-01-07, SOV, Created.

open(IN, " input.ucf');
open( QUT, ' > out put. xdc');

while ($line = <IN>) {
# renpove |l eading, trailing and nultiple spaces
$line =~ s/™ //qg;
$line =~ s/ $//g;
$line =~ s/ | /g;
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# comment or enpty lines are sinple copied without any nodification
if ((substr($line,0,1) =~ "#") || (substr($line,0,1) =~ "\n")){
print OUT $line;

}
el se {
if ($line =~ /(?<=NET )\w+/){
SNET = $&;
if ($line =~ /(?<=LOC = )\w/){
# UCF: NET "<net_nanme>" LOC = <pi n_nanme>
# -> XDC:. set_property PACKAGE_PI N <pi n_nanme>
# [ <get ports net name>]
$LOC = $&;
print OUT "set_property " . "PACKAGE PIN" . $LOC . "
[get_ports " . $NET . "]" . "\n";
}
if ($line =~ /(?<=I GSTANDARD = )\w+/){
# UCF:. NET "<net name>" | OSTANDARD = <i ostandard_type>
# -> XDC: set_property | OSTANDARD <i ost andard_t ype>
# [ <get ports net_name>]
$I OSTANDARD = $&;
print OUT "set_property " . "I OSTANDARD " . $|I OSTANDARD
" [get_ports " . SNET . "]" . "\n";
}
}
}
}
cl ose(QUT);
cl ose(IN);

6.) To synthesize and implement the "Hello World" project, you just have to click on the "Run

Implementation” button. Note: Whenever the synthesis is out-of-date, it will be asked if it should be done
first:
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4. TEO720_HelloWorld - [D:/Trenz-Electronic/TE0720_Helloworld,

File Edit Flow Tools Window Layout View Help Q- s

APB0ORRXH DD NN O S K X @ B0 raning | HeN| D Synthesis and Implementation Out-of-Date more info

Flow Navigator «| | Implemented Design - xc72020cig484 2 (active) X
= Sources — O x| design 11 x| o x

” QTS 2 | D:/Trenz-Electronic/ TEQ720_HelloWorld/ TEQ720_HelloWorld.srcs/constrs_t imports/Downloads/design_1_wrapper.xdc
4 Project Manager =
(=& Design Sources n
Project Sett & 5
@ binit setge [EX ¥y design_1_wrapper - STRUCTURE (design_i_wrapper.vhd) (1) a
8% Add Sources ). design_1_i - design_1 (design_1.bc) « =
4F 1P Catalog =i design_L - STRUCTURE (design_] ) ¥
% processing_system7_0 - design_1_processing_system7_0_0 (design_1_processing_system?7_0_0.xci) 2=
4 TP Integrator (=i Constraints (1) o
# Create Block Design & constrs_1 (1) E
s —— 9 design_1_wrapper.xdc x
e Open Block besn 45 Simulation Sources (1) "
&3 Generate Block Design F
4 Simulation L/
45 Simulation Settings Hierarchy | P Sources | Libraries | Compile Order | &l
@ Run Simulation 4 Sources | 31 Netlist |  Device Constraints | &
4 RTL Analysis Source File Properties _oex |9
© &% Open Elaborated Design + + [l @
0 Sz @ design_1_wrapper.vhd | E
5 Synthesis Settings Location: D:/Trenz-Electronic/ TE720_HelloWorld/ TE0720_HelloWorld.srcs/sources_1/imports/hdl q |
: RanSytese) Type: vioL | (=] 29set_property FACKAGE_PIN RIS [get _ports X0]
> % Open Synthesized Design 30set_property IOSTANDARD LVCHOSZ5 [get ports X0]
Library: work = 31# To_LaN_To_DQS 34
ElSOlomsata e Size: 24.0K8 32 set_property FACKAGE_FIN L16 [get_ports X1]
Implementation Settings e, Manday 06.01.14 06:26:03 PM 33 set_property IOSTANDARD LVCOS25 [get ports X1]
> Run ENE Fre T 344 101 0_34
2 e G T i) 35 set_property PACKAGE_PIN MI5 [get ports X2]
© [5] tmplemented Design| Run Implementation 0720_HelloWorld/ TEQ720_HelloWorld.srcs/sources_1/bd/design_1/hdl/design_1_wrapper.vhd 36set_property IOSTANDARD LVCMOS25 [get_ports X2]
Implement the active synthesized netlist |4 oy 374 To L1023 34
oot bebua e = 38 set_property EACKAGE_PIN NIS [get ports X3]
45 Bitstream Settings v 39set_property IOSTANDARD LVCMOS25 [get ports X3]
¥ Generate Bitstream Enabled 404 To_L24P T3 34
. — 41set_property BACKAGE PIN P16 [get_ports X4]
© &% Open Hard: M: i = =
& Open Hardware Manager Used In Synthesis is Out-of-date BR| | 2 <ct property TosTAARD TvcHoS25 Toet, ports X1
B Launch iMPACT Synthesis I—— | a2 s 10 16w 12 30
— » 44 set_property PACKAGE PIN P22 [get_ports ¥5]
simulation @ s itinre O lounch spitesis st Inplementation | | 45 set_property TOSTAYDARD V0525 Tget,ports X1
/ if s pletes. Wl | s6# 1o L11w T2 smec s34
= || | 47set property packace_pIN K20 [get _ports Xe]
V] pon't show this dielog 2gair 48 set_property IOSTANTARD LVGHOS25 [get ports Xe]
Properties | 494 101 _34: i
"._[@ Properties | @ Clock Regions i v
Design Runs —oex
| Name Part Constraints ~ Strategy Status Progress Start. Elapsed  Failed Routes WNS  TNS
=
(= ot synth_1 ¥C72020cig484-2  constrs 1 Vivado Synthesis Defaults (Vivado Synthesis 2013) Synthesis Out-of-date [— 100% 1/7/14 9:27 PM  00:00:46
= ~¥ impl_1 ¥c72020cig484-2  constrs 1 Vivado Implementation Defaults (Vivado Implementation 2013) Implementation Out-of-date [ 100% 1/7/14 9:39 PM  00:00:48 1 0.000 0.000
>
L]
»
«
=
B il |

{5 Tdl Console | © Messages | 5 Log | [3 Reports %, Design Runs | 5 Package Pins | D- 10 Ports |

Implement the active synthesized netlist |

7.) After some time the synthesis and implementation processes complete and the following dialog windows
with about 80 critical warnings appear. That is fine, because the XDC contraint file given consists of many
more ports than we used in this simple "Hello World" project (e.g., X2, X3, X4, X6 etc.), so you can relax and
press "ok":

There were 80 critical warning messages launching implementation run.

Messages

@ [Commaon 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/TED720_HelloWorld/TE0720_HelloWorld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:35] =
® [common 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/ TED720_HelloWorld/TEND720_Helloworld.srcs/constrs_1/imports/Downloads/design_1_wrapper.xdc:36]
@ [common 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/ TED720_HelloWorld/TED720_Helloworld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:38]
@ [common 17-55] 'set_property’ expects at least one object. [D:/Trenz-Electronic/TE0720_Helloworld/TED720_HelloWorld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:39]
@ [Common 17-55] 'set_property’ expects at least one object. [D:/Trenz-Electronic/TE0720_HelloWorld/TE0720_HelloWorld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:41]
@ [Common 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/TED720_HelloWorld/TE0720_HelloWorld.srcs/constrs_1/imports/Downloads/design_1_wrapper.xdc:42]
@ [common 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/TED720_HelloWorld/TEN720_HelloWaorld.srcs/constrs_1/imports/Downloads/design_1_wrapper.xdc:47]
@ [common 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/ TED720_HelloWorld/TED720_Helloworld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:48]
@ [common 17-55] 'set_property’ expects at least one object. [D:/Trenz-Electronic/TE0720_Helloworld/TED720_HelloWorld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:53]
@ [Common 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/TE0720_HelloWorld/TED720_HelloWorld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:54]
@ [common 17-55] 'set_property’ expects at least one object. [D:/Trenz-Electronic/TE0720_HelloWorld/TED720_HelloWorld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:57]
@ [Common 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/TED720_HelloWorld/TEO720_HelloWaorld.srcs/constrs_1/imports/Downloads/design_1_wrapper.xdc:58]
@ [common 17-55] 'set_property' expects at least one object. [D:/Trenz-Electronic/TED720_HelloWorld/TED720_Helloworld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:63]
@ [common 17-55] 'set_property’ expects at least one object. [D:/Trenz-Electronic/TE0720_HelloWorld/TE0720_HelloWorld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:64] 7
@ [common 17-55] 'set_property’ expects at least one object. [D:/Trenz-Electronic/TE0720_Helloworld/TED720_HelloWorld.sres/constrs_1/imports/Downloads/design_1_wrapper.xdc:66] D

0K ||[ Cancel Run H Open View ]

8.) Then, another dialog window appears. Keep the default selection that opens the implemented design:
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Implementation Completed

Neat

Generate Bitstream

View Reports

=X=)

0 Implementation successfully completed.

Don't show this dialog again

Revision: 0.2

9.) After the implemented design has been opened you can check on I/O ports if the constraints have been
configured correctly (1) and when everything is accurate, the bitfile can be finally generated (2):

B TEU7ZO,HEJOVVur\d - [D:/Trenz-Electronic/TE0720_HelloWorld/TE0720_HelloWorld xpr] - Vivac

File Edit Flow Jools Window Layout View Help

v~ | A XK @D > X MG O S X| X @ [BY0 Panning - B

Flow Navigator «
az=
4 Project Manager

45 Project Settings

8% Add Sources

1F 1P Catalog

P Integrator
7 Create Block Design

52 Open Block Design Netlist Properties P WL
& Generate Block Design « > @k
4 Sanulolion 1} design_1_wrapper
& Simulation Settings Primitive Statistics =
W Run Simulation Primitive type  Count 1
4 RTL Analysis wr 6
& 0 136
5% Open Elaborated Design oK 1
HARD_IP 1
4 Synthesis RS 5
Synthesis Settings
g 2 = z Net Boundary Statistics o
Run Synthesis * = Na)

> [ Open Synthesized Design

4 Implementation
3 Implementation Settings

Implemented Design - xc72020cg484 2 (active)

Netlist

=)

Implementation Complete

2 ox

& Sources., (] Netlist | & Device Con..

Statistics| Properties

3 Properties | & Clack Regions

» Run Y0 Ports _ou x
. [ Implemented Design 3 Direction MNeg Diff Pair  Site Fixed Bank 1O Std Veco Vref Drive Strength  Slew Type Pull Type  Off-Chip Termination IN_TERM
4 Program and Debug = Injout SSTLIS* 1500 0750 sLow NONE FP_VTT_50 NONE
@ Bitstream Settings Y In/out SSTLIS™ 1500 0750 sLow MONE  FPVTT_SO NONE
3 = In/Out SSTL15_T_DCI® 1.500 0.750 FAST* NONE FP_VTT_50
2 | In/Out SSTL15_T_DCr* 1.500 0.750 FAST=* NONE FP_VTT_50
% Open Hardware Manager | || 5= Infout DIFF_SSTL15_T_DCI* 1.500 FAST* NONE FP_VTT_50
L MPAC In/Out DIFF_SSTL15_T_DCI* 1.500 FAST= MNONE FP_VTT_50
LIS 5| Injout (Multipley™ (Multiple) 8" (Multiple)*  NONE NONE
v
In/out o ssTLs* 1500 0750 slow  NONE NONE
In/out NS ¥ DIFF_SSTL15* 1500 FAST* NONE NONE
In/Out N4 V] DIFF_SSTL15™ 1.500 FAST= MNONE NONE
In/Out v3 _v{_ SSTL15® 1.500 0.750 sLow MNONE NONE
In/Out P6 V] SSTL15* 1.500 0.750 SLow NONE NONE
n/Out PS5 ¥ SSTLIS® 1.500 0.750 sLow NONE NONE
In/Out RS 4 SSTL15® 1.500 0.750 SLow MNONE NONE
In/Out F3 _v{_ SSTL15® 1.500 0.750 FAST= MONE NONE
_we_r In/Out R4 V] SSTL15* 1.500 0.750 sLow NONE NONE
& FIXED_IO_ddr_wrn  In/Out M7 ¥ SSTL15_T_DCI™ 1.500 0.750 FAST* NONE
2 FIXED_IO_ddr_vrp  In/Out N7 4 SSTL15_T_DCI® 1.500 0.750 FAST* MNONE
& FIXED_IO_ps_clk In/Out F7 _v{_ LVCMOS33* 3.300 a8 SLow MNONE
4% FIXED_IO_ps_porb  In/Out Bs I LVCMOS33* 3.300 a* sLow NONE
@ FIXED 10 ps erstb _In/Out o v Lvcmos33* 3300 8 SLow ___NONE
T i2c_sd_pin Tnjout W20 |V 33 LVCMOS25~ < 2.500 2 < SLOW _ ~ MONE <
@ i2c_sda_pin In/Out w21 _v{_ 33 LVCMOS25™ » 2.500 12 ~ sLow ~ NONE »
1. < X0 Output RIS :v/ 34 LVCMOS25™ A 2.500 12 ~ sLow ~ NONE x
@ XL Output Li6 | 34 LVCMOS25* = 2.500 12 ~ SLow ~ NONE b
2 X5 Input P2 v 34 LVCMOS25* - 2500 NONE -
& X7 Qutput N22. I 34 LVCMOS25™ z 2.500 12 ~ sLow ~ NONE =
2 Td Console | © Messages | B Log | [2) Reports |  Design Runs | 5 Package Pins > 1/ Ports

10.) As soon as the bitfile has been successfully generated, in another dialog window you can choose to
launch Xilinx IMPACT to program your FPGA device:
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| — el

&5 Project Settings
% Add Sources
4F 1P Catalog

1P Integrator
% Create Block Design
5% Open Block Design
&3 Generate Block Design

Simulation
#5 Simulation Settings
(@ Run Simulation

4 RTL Analysis
> &% Open Elaborated Design

4 Synthesis
5 Synthesis Settings
P Run Synthesis
> E¥ Open Synthesized Design

4 Implementation

Implementation Settings
ol g
D Run

> % Open Implemented Desigi

4 Program and Debug
5 Bitstream Settings
¥ Generate Bitstream

Open Hardware Manager
@ Launch IMPACT

Q- seard
D ¥ | 8| X (@ [ pefault Layout | e R ® write_bitstream Complete
«| | Project Manager - TEO720_Helloworld xJ
Sources — O X | [LProject Summary X | =Rt
ELTIE) =
| azmicsn b e L
| project name TE0720_Helloworld
"~ design_ 1 (design_ Product family:  Zyng-7000
3 design_1 - STRUCTURE (design_1.vhd) (1) Project part 72015004852
% processing_system7_0 - design_1_processing_| Top module mame: design 1 wrapper
Constraints s g R
Synthesis Implementation 2
Status: Complete Status: ¥ Complete
Messages: () 145 warnings Messages: ® 160 aritical warnings
Part: X72020¢lg484-2 ® 163 warnings
Strategy:  Vivado Synthesis Defaults Part xc720200lg484-2
r — Strate: Vivado Implementation Defaults
Bitstream Generation Completed == .
ik Incremental Compile: one
Route Status |
itstream Generation successfully completed.
DRC Violations Timing 2
< i ] s
Hierarchy | P Sources | Libraries | Compile Order | Summary: @ 0 errors T Ve
& Sources | Templats 0 artical wamings || ) e ropors
—— e x 30 warnings ~ Timing information is not available because it hasn't been run
D - ® 1 aduisory (©) Open Hardware Manager
+ +[ElE
@ design_1_wrapper.vhd
= - Post-Synthesis | Post-Implementation
" ||| Location: D:/Trenz-Electronic/TEO720_Helloworld/T = ] on't show this dialag again
Type: VHDL utilization Power 2
Library: k z
brary: or = Total On-Chip Power: 1458 W
S Lo E LIUS 1o Junction Temperature: 418
Modified: Today at 19:29:50 PM BUéG = Thermal Margin: 82T E6w)
Copied to: <Project Directory>/TE0720_Helloworld.s) N——— 15w
Copied from:  D:/Trenz-Electronic/ TE720_HelloWorld/T| | 0 E 50 75 100 Power supplied to off-chip devices: 0.121 W/
Copied on: Friday 03.01.14 02:25:34 PM Estimated Utilization (%) Confidence level: Low
Read-only: no
d Table | on-Chip |
< il
I ] oie| | -
General| Properties |
Log _ouex
[0|[meo: [vivado 12-1842] Bitgen Completed Successfully.
]| TF0: [Froject 1-120] Webalk dava collection is mandatory for users of free Webpack Licenses. To see the specific WebTalk data collected for your design, open the usage stavisvics vebralk.hunl or usage statistics vebtalk.
-, [TNFG: [Common 17-185] WebTalk report has not been sent to Xilink. Please check your network and proxy settings.
"2 trro: (Conmon 17-23] Releasing License: Inplementation
hirite bitstream: Time (): cpu = 00:0 elapsed = 27 . Memory (MB): peak = 1117.711 ; gain = 353.180
INFG:  [Common 17-206] Exiting Vivado at Wed Jan 02 2 3 2014...
< I »
| Synthesis | Implementation | Simulation |
5 Tdl Console GlLog | 2 Reports | % Design Runs

11.) In Xilinx iIMPACT the project's bitfile "design_1_wrapper.bit" has already been automatically assigned to
the xc7z020 target (i.e., the PL of the Xilinx Zynq FPGA). After selecting it (1), you can choose in the main
menu "Operations" to finally program the FPGA (2):
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L4 ISE iMPACT (P.20131013)

20_Hel rld.ipf - [Boundary Scan

% File Edit View [®snciden| Output Debug Window Help HEE
D ('3 H db Lﬁ ! Proara ?
iIMPACT Flows Get Device ID +0OF X

R Boundary Scan Get Device Signature/Usercode SPI‘;EPI
[2] SystemACE

One Step SVF i ! Tar,
[£] Create PROM F s i — DL e 2t |1,
® [2] WebTalk Data Ty

Access eFUSE Registers » yng7000_arm da xc7z020
Da zynqg7000_arm... design 1 _wra...

IMPACT Processes +0O8 X

Available Operations are:
=» Program .
e T Identify Succeeded
=» Get Device Signature/Usercode
=% One Step SVF

=% One Step XSVF =3 Boundary Scan |
Console +08 X
J)INFO:iMPACT - Digilent Plugin: User Name: TE0701-02 -~

(H)TNFO:iMPACT - Digilent Plugin: Product Name: JTAG-ONB4
(W)INFO:iMPACT - Digilent Plugin: Serial Number: 251633000016
(MINFO:iMPACT - Digilent Plugin: Product ID: 50800157 i
UJ)INFO:iMPACT - Digilent Plugin: Firmware Version: 0108
W)INFO:iMPACT - Digilent Plugin: JTAG Port Number: 0
(H)INFO:iMPACT - Digilent Plugin: JTAG Clock Frequency: 10000000 Hz
4)INFO:iMPACT — Current time: 08.01.2014 20:48:20

PROGRESS START - Starting Operation.

Identifying chain contents...'0': : Manufacturer's ID = Xilinx xc7z020, Version : 2
'@INFO:iMPACT:l??T =

Reading C:/Xilinx/14.7/LabTools/LabTools/zyng/data/xc72z020.bsd. ..
UJ)INFO:iMPACT — Using CseRdapterBSDevice

(HINFO:iMPACT:501 - '1': Added Device xc7z020 successfully.
'1': : Manufacturer's ID = Xilinx zyng7000 arm dap, Version : 4
H)INFO:iMPACT:501 - '1': Added Device UNENOWN successfully.

'@INE‘O: iMPACT:1777 -

Reading C:/Xilinx/14.7/LabTools/LabTools/zyng/data/zyng7000 _arm dap.bsd...
'@INE‘O: iMPACT:1777 -

Reading C:/Xilinx/14.7/LabTools/LabTocls/zynag/data/zyng7000 arm dap.bsd...

m

done.
PROGRESS_END - End Operation.
Elapsed time = 1 sec.

'2': Loading file 'D:/Trenz-Electronic/TE0720 HelloWorld/TE0720 HelloWorld.runs/impl 1/design 1 wr
done.

W)INFO:iMPACT - Using CseRdapterBSDevice

JINFO:iMPACT:2257 - Startup Clock has been changed to 'JtagClk' in the bitstream stored in memory,
but the original bitstream file remains unchanged.
UserID read from the bitstream file = OXFFFFFFFF.

()INFO:iMPACT:501 - '2': Added Device xc7z020 successfully.

Setting Target Device to Mode:BS, Device position 1. v
1 p

4
Console ré Errors |_ﬁ Warnings

Configuration |JTAG-ONB4 |10000000 H— 4

©@ A successful FPGA configuration can only be seen (for now) by checking if the green LED3 (see
TEO720 GigaZee Zyng SoM User Manual | On-board LEDs) has switched off. Because this is
admittedly quite a bit unsatisfying, in the following section we will extend our "Hello World"
application by a 12C software driver on a standalone platform and afterwards our tutorial will
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continue on "How to run an embedded Linux system on TEQ720 GigaZee Zyng SoM (Vivado
Flow)".

Software Implementation: "Hello World 2.0" (implementing access to 12C peripherals
via Xilinx Zynq PL custom logic)
TODO!

Debugging the "Hello World" Project

Video Tutorial

The following screen-recording video shows how to execute "Hello World" from the debugger (Xilinx XMD
launched from SDK):

Step-by-Step Tutorial

The simple "Hello World" application above shall now be executed step-by-step in the SDK environment:
1.) Plug-in 12V power supply.

2.) Plug a standard USB A-Male to Mini-B cable into the USB port of the Host PC and into the mini USB
connector (see (19) in Figure 1 of TEO701 Carrier for TEO7xx series) on the TEO701 carrier board.

3.) Optional: Plug-in the SD card (see section "Software Implementation: Create First Stage Boot Loader
(FSBL) and "Hello World" application project in SDK") into the slot on the TEO701 Carrier board.

4.) Create a new terminal connection to the virtual COM of the FTDI USB Converter (channel B) and choose
the following settings:
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[@ New Terminal Connection . e

View Settings:

TEO720 User Manual Revision: 0.2

View Title: ITenlninal 1

Encoding: 150-8859-1

Ll

Connection Type:

Senal -
Settings

Port: COM3 A
Baud Rate:  |115200 -
Data Bits:
Stp i
pry
Flow Control:
Timeout {sec): 5

[ ok || canca |

5.) Press the "Connect" button (1) and the "Hello world" output will shortly appear:

(@ Terminal 1 &3 1t Big6E| &~ B~ %

Serial: (COM3, 115200, 8, 1, None, None - CLOSED) - Encoding: (ISO-8859-1) Connect §
Hello TEG720 :) —

@  The software application (when running from the SD card) might have already finished execution,
so you may push the S2 switch button on the TE0701 Carrier Board (see (17) in Figure 1 of
TEO701 Carrier Board User Manual) to "restart" the Zyng SoC Module (see TE0701 Carrier Board
User Manual | User Push Buttons (PBs) and LEDs for more details).

6.) Of course, you can also download the same or a different application onto the running processing unit
(PS) of the Zyng FPGA:
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C/C++ - TEO720_HelloWorld/src/helloworld.c - Xilinx SD

File Edit Source Refactor Navigate Search Run Project Xilink Tools Window Help
GrHEa -/~ Ervardr@y FrO-Q w| t S0 #H & &P i %5 Debug >
g HrH ooy
[ Project Explorer 5 B %] ¥ ¥ = O0/R helloworld.c 5 _[g platform.c Wl’m system.mss W = O] 2 Outline ( Make Target =alfl
- (% hw_platform_0 ® * Copyright (c) 2009-2012 Xilinx, Inc. All rights reserved.[] - @& @ & | fiy e i
I &5 TEO720_fsbl 1 25 TEO720_fsbl 1
4 5 TEOT20_fsbl_bsp " ) o - s TEO720_fsbl_bsp
» i BSP Documentation e helioworld €: Sampls LEstsppLication 1 & TE0720_HellowWorld
¢ & ps/_cortexad 0 * This application configures UART 16550 to baud rate 960@.
Il libgen.log * PS7 UART (Zyng) is not initialized by this application, since
5l libgen.options * bootrom/bsp configures it to baud rate 115200
[& Makefile by
[l system.mss RS S L SRS e SRS e S
[ TE0720_HelloWarld * | UART TYPE _BAUD RATE |
» 4 Binaries = L
Go Into 0
» ! Includes figurable only in HW design
I = bootimage Open in New Window 200 (configured by bootrom/bsp)
# & Debug = Copy Ctrl+C
4 Bsrc Paste Ctrl+V
v 4 helloworlde | 3 pelete Delete  |u
i+ [ platform_conf Soinie: N
v g platform.c e );
i+ [ platformh . B
& Iscriptid
e Import..
4 Export.
Build Project "
Clean Project 720 AT 5
] Refresh F3
Close Project
Close Unrelated Projects -
Build Configurations 4 !
Make Targets » ble [ Properties [ XMD Console [ Debug & Terminal 1 £ AN EER P-E- %0
Index » e, None - CONNECTED) - Encoding: (ISO-8859-1)
Show in Remote Systems view
Convert To...
Run As 4
Debug As »| £ 1 Launch on Hardware (GDB)
Profile As v | & 2 Launch on Hardware (System Debugger)
T v | [E] 3 Local C/C++ Application
Compare With o & 4Remote ARM Linux Application
Restore from Local History... Debug Configurations...
# Run C/C++ Code Analysis
T Generate Linker Script
Wl Change Referenced BSP
B Create Boot Image
C/C++ Build Settings =
o = TED720_Hell Properties Alt+Enter

7.) ... and the program execution is (by default) halted in the beginning of "main”. By pressing F6 on the
keyboard you can debug your program step-by-step:
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File Edit Source Refactor Navigate Search Run Project Xilinx Tools Window Help
v SRR R R Ry RN N - T B #E G @f B t~flreoerar i [# Debug >
35 Debug &2 % 1| i ¥ = O|(E= Outline = EFRR R s
4 g% ARM Cortex-A9 MPCore #0 (Breakpoint) - o stdioh
= 0x0010054c main(): ../src/helloworld.c, line 40 ® platform.h
= 0x001006f0 _start(): xil-crt0.S, line 149 — ++ print(char?) : void
4 o ARM Cortex-A9 MPCore #1 (Suspended) ® main():int
= Oxfffffi34 3
= Oxffffff2c
= Oxffffff2c -
l¢ platform.c Wm system.mss W = O||eo= Variables f°e Breakpoints fHH Registers 52 . =k Mnduleﬂ (3 XMD Ccnsnle} =g
@ * Copyright (c) 2009-2012 Xilinx, Inc. All rights reserved.[] = LB
Name Hex Decimal Description Mnemonic
& I‘*
* helloworld.c: simple test application S0 08800260 @
* ifiNal 00000600 ]
* This application configures UART 16550 to baud rate 9600. it r2 oeles06e leslase
* PS7 UART (Zyng) is not initialized by this application, sin w3 80100414 1049844
* bootrom/bsp configures it to baud rate 115200 g 000000083 3
: s 6000061e 38
. TL_J.;\I;‘_F_‘_F\_’F_’E__I;.;\L_JI;_I;.;\{'E""""""““"""T e 0000 65535
N el 17 FFFFFFFE 4294967295
* uartns550@ 9600 il 18 peseesee ]
*  uyartlite Configurable only in HW design it rg FEFFFFFe 4294967295
*  ps7_uart 115200 (configured by bootrom/bsp) ant 110 20000000 ]
*/ i1 00000600 ]
inciud tdio.h it 112 00108c850 18978088
#;::I:d: ﬁslai?;}r‘; . W sp 8018¢068 1097824
P ) il Ir eol1086f0 1@85@352
void print(char *str); W pe 0010054c 1049932
it epsr 600881df 1618613215
int main() - o usr
a1 » Wit fig
init_platform(); L Mg
e
print("Hello TE®720 :)\n\r"); L L
> ot und
return @; [ i SVC
I » ¥ mon
b e vip
Wit epls
- i it Jazelle
< 1 | =
=] Ccnsnle(@iTaskst; Pmblems(o Executables(ﬂ Memcry(@Terminal 1 W B @~EFx—0
Serial: (COM3, 115200, 8, 1, None, None - CONNECTED) - Encoding: (ISO-8859-1)
~
o* Writable Smart Insert 40:2
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FPGA design without PS

TEOQ720 is a Zyng-7000 SoC based module, and it is normally used with the PS subsystem enabled and
included in the design. Of course, it is also possilble to use the TE0720 without instantiating the PS in the
design. Such a design can be downloaded into the module through the JTAG port (in a volatile way). It can
also be stored to (in a non-volatile way) and loaded at configuration time from QSPI, eMMC or SD Card.

& The Zyng-7000 SoC design file must be generated with FPGA St art - Up Cl ock option set to
CCLK, otherwise the SoC bitstream will not be enabled when configured by FSBL.

The regular FSBL is able to configure the Zynqg PL fabric with a design without any PS instance, but a
special compile-time flag NON_PS_INSTANTIATED_BITSTREAM must be defined.

@ I executing from a SD memory card, FSBL must have the DDR memory initialized properly,
otherwise the PL configuration fails, as FSBL copies the SoC bitstream from the SD memory card
to a temporary DDR location!
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. DEPRECATED - use petalinux 2014.2 or newer and TE0720 BSP

Using official Xilinx linux kernel repository with TE0720

@  This patch was tested only with kernel 3.10 (commit
efc27505715e64526653f35274717c0fc56491e3)

. Known issues:

® QSPI Flash not working in u-boot

Clone linux-xInx and u-boot-xInx repositories to prepared environment

git clone git://github.com/Xilinx/u-boot-xInx.git

git clone git://github.com/Xilinx/linux-xinx.git

Download patches

http://www.trenz-electronic.de/fileadmin/docs/Trenz_Electronic/TE0720-GigaZee/reference_designs/TE0720-

Unzip and copy files

unzip TEQ720-01_linux-xInx.zip
cp linux-xinx_TEQ720.patch linux-xinx

cp u-boot-xinx_TEQ0720.patch u-boot.xInx

Build linux kernel.

cd linux-xinx

git apply linux-xinx_TEO720.patch

make ARCH=arm TEO0720_defconfig

make ARCH=arm LOADADDR=0x8000 ulmage

make ARCH=arm TEQ720-01-xxF.dtb
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| make ARCH=arm TE0720-01-xxR.dtb
Build U-Boot

git apply u-boot-xinx_TEQ720.patch
make zynq_TEO720_config

make
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High speed ADC Interfacing

TEOQ720 has no length matching between differential pairs from the FPGA fabric to B2B Connectors. Trace
lengths are available in download area, and could be used together with Xilinx provided FPGA Package
delay timings to adjust system trace delays.

Zyng 7020-CLG484 largest package delay difference within one bank is 37 mm (B13 L4 to L22). Such large
trace differences can not be matched on the module.

For most high speed input designs this delay matching is not needed, as long as the total delay differences
are not too large. The delays can be matched using IDELAYEZ2 primitive on each signal line that needs to be
matched. The delays can be set fixed or can be adjustable. Possible use could have the data line delays
fixed, and clock/strobe delay variable.

With 300MHz calibrate clock the PCB trace lengths can be matched to be +-4 mm from the mid delay of the
group.

References
uG471
XAPP524

XAPP524 does not have IDELAY on data lanes!
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Petalinux

Based on Petalinux 2014.2 release, Kernel 3.14.2

FSBL

Xilinx standard FSBL is used, only fsbl_hooks.c is customized to perform all needed pre-initialization code.

FSBL bsp files are not auto updated with petalinux-config --get-hw-description so please if you
change the system in Vivado and import HDF and if there are changes that are relevant to FSBL
please copy over the ps7_init.c and ps7_init.h files into the FSBL build folder manually.

MAC Address handling

MAC Address is read out from EEPROM and set correctly to the PS7 ETH IP Core in order to use and keep
this MAC address the following boot process should not attempt to set it again. For this the MAC address is
set to empty string in the petalinux configuration. This causes a warning "can not set MAC Address during
boot process - this is not an error, MAC address is set correctly and can be seen in linux using ifconfig.
Notice that in u-boot it looks like MAC address is not set, as the u-boot variable is not set.
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Debug
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Booting U-Boot via JTAG

Booting U-Boot via JTAG

Step 1: download files ps7_init.tcl and u-boot.elf from download area
Step 2: connect JTAG Cable

Step 3: connect logic level UART adapter RX to MIO15 (PS UARTO TX) and TX to MIO14 (PS UARTO RX)
connection example for TEO603

Step 4: open serial port terminal, setting 115200, 8N1
Step 5: start Xilinx XMD - use Xilinx SDK menu, Xilinx Tools> XMD Console or start XMD from commandline

Step 6: make sure files ps7_init.tcl and u-boot.elf are "in current folder" as seen by XMD (use pwd to check
where current dir points and cd to change directory if needed)

Step 7: type connect arm hw<CR>
Step 7: type source ps7_init.tcI<CR>
Step 8: type ps7_init<CR>

Step 9: type dow u-boot.elf<CR>
Step 10: type con<CR>

At this point u-boot (loaded over JTAG) should be running and prompt should appear in serial console -
please press some key in the console window, or u-boot may continue to load linux!

& If TE0720 has valid boot images either in SPI Flash or on SD card, it is necessary to prevent linux
from loading, either remove SD card, or in case SPI boot, press any key when u-boot loaded from
SPI flash is waiting for user input. Should linux start, then it may not be possible to connect to ARM
core from XMD.

Old instructions
Build base hardware project using instructions from Base PlanAhead Project or Base XPS Project
Build FSBL by instructions from FSBL - First Stage Boot Loader

In SDK open main.c file and add infinite loop instruction after system initialization. This loop required to stop
normal boot sequence.
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fl__i system.xml ﬁﬂ’.'. system.mss (@ main.c 4

*

ps7_init(};
#endif

J e

* Unlock SLCR for SLCR register write

E

SlerUnlock();

*((u32 *)BxFE0OES30) = Bx@A3Fee3F; // SDO
*((u32 *)BxFE00ES34) = @x@A3F@3F; // SD1
*((u32 *)BxFE007080) = exepeeeeea; / Allc

while(1};

/* If Performance measurement is required

Select Run->Run As -> Launch on Hardware

Q-
| (no launch history)
Run As k z 1 Launch on Hardware
Run Configurations... [c] 2Llocal C/C++ Application
Organize Favorites... 2: 3 Rernote ARM Linux Application

Open XMD Console

[Xilim{Tools] Window Help

Generate linker script
Board Support Package Settings

Repositories 1

Program FPGA

Prograrm Flash

Launch Hardware Server
XMD Conscle
Launch Shell
Configure JTAG Settings

AT A

Systern Generator Co-Debug Settings

NXEEE BE D=E

Create Zynqg Boot Image

In XMD console type

stop

connect arm hw

After this commands system will be initialized and ready to load programms and data to DDR memory.
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(2! Problems (@ Tasks (E Console (El Properties (@ Terminal w
HMD Process

Download Progress.l10.20.30.40.50.60.70.80.90.Done
Setting PC with Program Start Rddress 0x00000000

RUONNING> stop
Procesasor stopped

HMDE
¥MD%: conmnect arm hw

Enabling extended memory access checks for Zvndg.
Writes to reserved memory are not permitted and reads return 0.
To disable this feature, run "debugconfigq -memory access_check disable”.

= o B L e e e S S e S e O L L a oL 0x00000003
U3l IDueeeusmannasnsnannnnananmanns 0x00000000
No of PC BreakpointS.ceeeecsannnnnas [
No of Addr/Data WatchpointS..eeweoas 4

Connected to "arm™ target. id = 64
Starting GDB server for "arm™ target {id = 64) at TCP port no 1235
XMD%

Optionally, binary data can be downloaded to memory. This data can be used in u-boot to initialize SPI
Flash.

dow -data FILENAME.BIN 0x100000

where 0x100000 is location in DDR memory where binary file FILENAME.BIN would be loaded
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(E; Problems (@ Tasks (E Console (El Properties (@ Terrminal ( XMD Console &3

¥MD Process
JIAG chain configuration

Device ID Code IR Length Part Hame
1 4ba00477 4 Cortex-24%9
2 23727053 6 KCT7Zoz20

Enabling extended memory acce3ds checks for Zvyvng.
Writes to reserved memory are not permitted and reads return 0.
To disable this feature, run "debugconfig -memory acce3s_check disable™.

4= o 1 L L e e D S L o oo Lo oL 0x00000003
User IDueeeuenunnasnsnannnnanannanns 0x00000000
Ho of PC BreakpointS.eeeeeenannnnnas [
Ho of Addr/Data Watchpointd...caeweaa. 4

Connected to "arm™ target. id = 64

Starting GDB server for "arm™ target (id = 64) at TCP port no 1240

¥MDE dow -data b:\ibeoot.bin 0x1000000

Downloading Data File —- b:\boot.bin at 0x01000000

e = -
XMD3%

< | 1]

HMD%

Download u-boot.elf file
dow b:\u-boot.elf

where b:\ should be replaced with actual path to u-boot.elf file
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r@ Problems (@ Tasks (E Console (E Properties (@ Terminal M

¥MD Process
Ho of Addr/Data WatchpointS.ssssasas 4

Connected toc "arm™ target. id = 64
Starting GDB serwver for "arm™ target (id = 64) at TCP port no 1235
EMDE dow biivu-boot.elf
warning: Data caches are enabled in the aystem control register.
This could reduce the download speed and if the processor is in
unknown state, it could lead to interrupt failures, etc. Pleaase
run "rat [-processor]”™ command before dow, to overcome this issue
Proceasor started. Type "stop™ to stop processcr
User Interrupt, Processcr Stopped at 0x00003&e0
Downloading Program —— bi:u-boot.elf

section, .text: 0x04000000-0x0402473L

section, .rodata: 0x04024740-0x04039395

section, .hash: 0x04039398-0x040393ef

section, .ABM.extab: 0x040383L£0-0x0403%407

section, .ABM.exidx: 0x040394028-0x0403942T

section, .data: 0x04039430-0x0403b443

section, .got.plt: 0x0403b4d44-0x0403b445

gection, .u_boot list: Ox0403b4e0-0x0403bbE3

section, .rel.dyn: 0x0403bbE4-0x04041e93

section, .dynaym: 0x04041e94-0x04041fa3

section, .bk3s: 0x0403bbE4-0x0407b3kL
Download Progress..l0.20.30.40.50.60.70.80.90.Done
Setting PC with Program Start Address 0x04000000
EMD3%
4

HMDE

run

Revision: 0.2
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rE_i, Problems (@ Tasks (E Console (El Properties (@ Terminal ( AMD Console &2

¥MD Process

L= o L L e e D Lo Do Lo oL 0x00000003
User IDuu.ecenasnasnsnmannnanannnnns 0x00000000
No of PC BreakpointS..ceewecsnnnannas [

No of Addr/Data WatchpointS...eee... 4

Connected to "arm™ target. id = 64
Starting GDB serwver for "arm™ target (id = 64) at TCP port no 1237
¥MDE dow bi\vu-boot.elf
Downloading Program -- b:u-boot.elf
section, .text: 0x04000000-0x0402473L
section, .rodata: 0x04024740-0x04039395
section, .hash: 0x04039398-0x040393ef
section, .ABEM.extab: 0x040383£0-0x04039407
section, .ABM.exidx: 0x04039408-0x0403942fT
section, .data: 0x04039430-0x0403b443
section, .got.plt: 0x0403b444-0x0403b44f
gection, .u_boot list: Ox0403b4e0-0x0403bbE3
section, .rel.dyn: 0x0403bbE4-0x04041e93
section, .dynsym: 0x04041e94-0x04041fa3
section, .bss: 0x0403bbE4-0x0407b3bb
Download Progress..l10.20.30.40.50.60.70.80.90.Done
Setting PC with Program Start Address 0x04000000
¥MD% run

BRUNNING> 0
EMDE
4

XMD%E

This command runs U-Boot from DDR memory.
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ARM DS-5

ARM offers a free and paid version of their development studio DS-5. The free version can be used for Linux
application debug using gdbserver over Ethernet.

. All PDF guides and other information at ARM and Xilinx websites about the use of DS-5 with Zynq
appear to be out-dated. The screen-shots looks different, the instructions do not match, etc.

It is is possible to setup everything manually, but it takes time, and some steps need to be done manually
each time the TEQ720 is powered on. Basically you need to fix the IP addresses so that the TEQ720 is
visible and accessible from your PC host. Next you need to make sure gdbserver pre built executable is on
the TEQ720 file system and accessible (in newer builds it is included).

= Debug Configurations

=) —*,
YRR E -

type filter text

[E] C/C++ Application
[E] C/C++ Attach to Application
[E] C/C++ Postmortem Debugger
[E] C/C++ Remote Application
#5 DS-5 Debugger
5 hello-FVP-example
5 TEOT20
#5 TE0720 Hello.C from Eclipse
&' Iron Python Run
@’ Iron Python unittest
] Java Applet
[3] Java Application
Ju JUnit
a7 Jython run
@ Jython unittest
= Launch Group
m PyDev Django
A3 PyDev Google App Run
& Python Run
é’ Python unittest

i Remote Java Application

Filter matched 21 of 21 items

@

PRt

Create, manage, and run configurations

Name: TE0720 Hello.C from Eclipse

=<I-= Connection Hﬂ} Files| #5 Debugger ’-’Efe} 0S5 Awareness| ()= Arguments| Ii§ Environment

Select target

Select the manufacturer, board, project type and debug operation to use. Currently selected:
Generic / gdbserver / Linux Application Debug / Download and debug application

> Android
4 Generic
4 gdbserver
a Linux Application Debug
Connect to already running gdbserver
Download and debug application
Start gdbserver and debug target resident application

D5-5 Debugger will download your application to the target system and then start a new gdbserver session to debug the application.

Connections

RSE connection | TEO720 -

Address: Use RSE Host

gdbserver (TCP) | port: 5000
Use Extended Mode

Revert

[ Debug ] [ Close

%

Select "Download and debug application”, and RSE connection previously configured.
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= Debug Configurations

Create, . and run confi ti

Create, edit or choose a configuration to launch a D5-5 debugging session.

£ 2 + . ;
[fTEx | = Name: TE0720 Hello.C from Eclipse
type filter text <= Connection ﬁﬁ. Files - &5 Debuggeﬂ 205 Awarenesq )= Arguments] ] Environmenﬂ

[E] C/C++ Application il
[E] C/C++ Attach to Application Target Configuration

[E] C/C++ Postmortem Debugger

[E] C/C++ Remote Application

»

Application on host to download:

#5 DS-5 Debugger S{workspace_loc:/hello/stripped/hello}

h -FVP- -

i hello-FUP-aample File System...] [Workspace...] [#] Load symbeals

£ TE0T20

#5 TE0720 Hello.C from Eclipse Target download directory: [Indi(ateswhether or not the debugger should load symbaols from the specified file h
&' Iron Python Run froot
& Tron Python unittest
G Java Applet Target working directory:
Java Application
Ju JUnit e
a7 Jython rur? Files
@ Jython unittest
[ Launch Group [Luad symbols from file v]

m PyDev Django

28 PyDev Google App R Sworkspace_loc/hello/helle}
yDev Google App Run

eP Python Run [File System...] [Workspace...]
é’ Python unittest
Remote Java Application
] I ] G
Apply Revert
Filter matched 21 of 21 items BEY =

@ [ Debug [ close |

e ———

Very important, you must select /hello/stripped/hello as application to download and /hello/hello to load
symbols from. If you forget the "stripped" then you get error launching gdbserver!
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-
= DS-5 Debug - Eclipse Platform
File Edit MNavigate Search Project Run Window Help
(mith #F- Qi Al e o -
%D g R} 2y = O @ Commands 2 & Histurﬂ‘& ScriptsW@TermmalsW H G BE 9 ~ & ¥ = O|[0- Varia (09 Break (@ Regis 52 %Y Bpre| ) Funcw =8
= B, Linked: TEO720 ~ ol
= | wj; -‘;‘_& % &| Conned.:ed to stopped target gdbserver at 192.168.148.69 port 5006 %Lmked:TEﬂ?EG'
Execution stopped at: @xBG6FD7D6@
Q- o OxBEFD7D6@  LDR rl1e,[pc,#148] ; [@xBEFDVDFC] = @x27204 Name ‘ Value |size| Access|
=~ cd "Cihdaten\shared\dssws” = (= Core
BPo2e e = Working directory "C:\daten‘shared\dsSws" @ RO oxeeeeeess 32 RAW
- - F o R exBEFFFEBE 32 RAW
L TEO720 conmerted o R2 ©x80000020 32 R/W
f & Active Threads o R3 xB00EE0DS 32 R/W
i Thread 810 #1 stoppe o R4 2x80000000 32 R/W
N = D20 o RS xB0000008 32 R/W
N & All Threads o R6 exBpEREERa 32 R/W
Il e 7 Bx80000080 32 R/W
@ R8 exeeepoeea 32 RAW
| @ R9 exeeeseeaa 32 RAW
U o RIO AxBBRREERE 32 RAW
f @ R11 exeeeeeeee 32 AW
f @ R12 ex@eeeeeee 32 AW
@ 5P BxBEFFFDC@ 32 R'W
@ LR exeopeeeee 32 RAW
e PC @xBEFD7D6@ 32 R'W
i @ CPSR oxeepeoele 32 R/AW
= VFP
= DoublePrecision
= VFP_Control
W TEO720 connected = = = =+ (= NEON
No 05 Support Command: P trl+Space) for Content Assist (= NEON_Quad Regs
= B |[14! Disassembly &2 (S| Memory] g Modulas] = Evants] 8= Outlmﬂ & ¥ =0
B, Linked: TEO720 =
<o 2 B v <Nex Instructions 100
| | Address | Opcode Disassembly
% @xBeFD7DG@ LDR ri1e,[pc,#148] ; [@xBEFDVDFC] = @x27284 -
@xB6FD7D64A LDR r4,[pc,#148] ; [BxBEFDTEBB] = Bx044 —
BxBEFD7D68 MOV ra,sp ‘—‘
@xB6FD7DEC BL {pci+oxd3ed ; @xbefdclse -
B App Console 2 B Target Console] ] Error Log} =] Conso\e} Bl EkE~ 0O
‘B, Linked: TEO720 -
-
| # cd "/bin" E
# export LD_LIBRARY_PATH=".:/bin:$LD_LIBRARY_PATH" El
# gdbserver :58@8 "/bin/cli_server"
Process (hin/cli server created: nid = 81A ~
N me
O

ARM DS-5 debugger view with active gdbserver connection to TE0720 on TE0701 carrier. TEQ720 default
firmware, gdbserver executable from ARM DS-5 distribution, no custom software needed to make the
debugger connection.
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File Edit Source Refactor Mavigate Search Project Run Window Help
i #Hr D™ v il -
& D[B-P[4HR B2 [vs| = O Commands | History % Scripts | & Terminals &2 = O [t Variables 2 .o Breakpoints| o Registers| 23" Expressions| f0) Functions
£ 8| | B & 7| e x & Linked: TED720 =
Ef Local zZyng> - Name Value Type |Count|Size| Location |Access
¥y Local Files = (= Locals 2 variables
T Local Shells @ argc @ int 32 OxBEFFFCTC R/W
A TEO701 = ® argy @xB6FACEBG char™ 1 32 0xBEFFFC78 R/W
¥, Files =% [0] @x00145F18 char® 1 32 0xBEFACD00 R/W
2% My Home o [0] Unavailable  char 8 0x00145F18 R/W
= Root = [ File Statics (current) 0 of 1 files
2 [=F = Globals 0 variables
B sShell Processes
o All Processes
% My Processes
¥ Ssh Shells
Sch Terminals
42 TE070L
“ . K m b
[ helloc 2 = O (48} Disassembly &2 . *F Memory| £ Meodules| =] Events| 5T Outline
1#include <stdio.h> - ‘&, Linked: TE0720 ~
Zint main(int argc, char *argv[]) ] ~ <Next Instruction> 100
® 4l Address | Opcode | Disassembly
5 printf("Helle world!\n"); OxBEDREA24 DCD OXBRO1A5A0 -
2 return 8; ©x80008428 DCD BxB0000008
7} main
8 % | exeoees42C PUSH {ri1,tr}
el ©x00008438 ADD rii,sp,#4
©x00008434 sUB sp,sp,#8
BxB0088438 STR re, [rii,#-8] -
BxB008843C STR ri, [ril,#-exc]
BxB0005448 LDR re,[pc,#16] ; [@xB458] = @x8534
Bx80005444 BL puts@BGLIBC 2.4 ; 0x3350
BxB0005445 MOV r3,#0
B8 App Console &3 . [ Target Console| @) Error Leg| B Console B EgEY 0O
‘B, Linked: TEQ720 ~
Preparing the debug session P
# cd "/bin’]
# export LD_LIBRARY PATH=".:/bin:$LD_LIBRARY PATH"
# gdbserver :5888 "/bin/hellce” =
Process /bin/hello created; pid = 724
Listening on port 5080
b Debug session has been started, connecting to gdbserver L
il L Remote debugging from host 192.168.148.59 2
mo

Debug session with symbols loaded and ssh console opened to the target.

[2 hello.c 52

IR

€ pplication Example for ARM Linux

Copyright (C) ARM Limited, 2087-2018. All rights reserved.

* helle.c: A simple "hellewerdd" C program
*/

w o

v
s ®

#include <stdio.h>
151int global_varl = 36@;

nt main(int argc, char®* argv)

int local varl = 2;

printf(“Helle TEB%d World! \n", global varl*local varl);

return 85

=0

13} Disassembly 53

o

H Memory| £ Modules| [ Events| oF Outline

& Linked: hello-FVP-example ¥

Edit Source Refactor Mavigate Search Project Run Window Help
iR [ &~ B &~ TH e e e
%5 Debug 23 [ Project | 4§ Remote| () Streaml] O ||| Com | Histor [ % Scrip | & Term 22 = 0| = Variables £3 - ©p Breakpoints| o1 Registers| ¥4 Expressions| () Functions &~ =0
= TE0T0 G, Linked: hello-FVP-example »
SRR L Il - P Name Value Type |Count Size| Location |Access
zyng> uname -a = (= Locals 3 varigbles
M TEO720 disconnected “ |/l Linux 192.168.42.58 3.8.0-xilinx-60021-g22 ® arge 1int 32 SR W
k TEO720 Hello.C from Eclipse disconnected 8:21:24 PDT 2013 armv71l GNU/Linux 5@ argy OXBEFFEDE4 char™ 1 32 RL RAW
_FVP- nect zyng>
W oo FVE coampl connocted o= ? [0 "./hello” char' 1 32 OxBEFFFDE4 RAW
(5 (ETe2 =5 _ o local_varl 2int 2 RO
G leealINGE Epped b = File Statics (current) 1 of 1 files
M == Globals 1 variable
- & Skl I I ) T
W hello-FVP-example connected -
No 05 Support « m v

s

£y ~  <Next Instruction> 100
Address | Opcode | Disassembly
Bx8888842C DCoD BxEea00808 -~
main
% | exeee0s43e PUSH {ri1,Lr}
axeeaasa34 ADD rii,sp,#4
0x00008438 LDR r3,[pc,#28] ; [@x845C] = @x105F8
2x2200343C LDR ri,[r3,#e]
8x00005448 LDR re,[pc,#24] ; [@0x8460] = @xB4B3 =
8x2ee05444 LSL rl,rl,#1
8x00005443 BL printf@@GLIBC_ 2.4 ; @x82BC
8x88808844C mov re,#a
BxB8088458 SuUB sp,ril,#4 i
B App Console &3 Bl Target Console| €] Error Log| B Console x ol T 70
& Linked: hello-FVP-example »
Preparing the debug session
# cd "/tmp"
# export LD_LIBRARY_PATH=".:$LD_LIBRARY_PATH"
# gdbserver :5688 " /hell
Process ./hello created; pid = 1869
Listening on port 5080
Debug session has been started, connecting to gdbserver
Remote debugging from host 192.168.148.59
»
Fetching children of My Processes: (0%) | &
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Simple modified Helloworld example. This time compiled within DS-5 on a Windows machine and
downloaded and executed on a TEQ720.

Streamline

[2 ss Debug - C:\daten\shared\Capture_CO1_ADLapd - Eclipse Platform - - =)
File Edit Mavigate Search Project Run Window Help
(m |& %~ iR &~ TEH e = BE
Z5 Deb ([ Proj (B Re [ Stre 32 = 5|8 Commands B History | % Scripts | {& Terminals 32 = B[60= variable 32 . © Breakp | o Register| % Expressi| ) Functio| = O
@ R & =B A TE0 R -
———— - & Linked: hello-FVP-example »
192168140199 T aTabiniatiomE TR EFeY

Linux 192.168.42.58 3.8.@-xilinx-88821-g221cafi-dirty #1 SMP PREEMPT Sun
8:21:24 PDT 2013 armv7l GNU/Linux

zyng> zyng>
zyng>
zyng>
zyng>
o[ . " G
hello.c | Capture_C01_A01 I = O|[}3 Disassembly &2 H Memory| = Modules| [] Events 52 Outline ¥ =0

[ Timeline| G Functions |+ Professional Edition Features ‘B, Linked: hello-FVP-example

S —— Disassembly infermation is not available.
| SHES] | Filter proc
N | S p
fas 6.6 6.8s Ts T T4z s

625

©
>

B App Console 32 [l Target Console| @] Error Log| & Console =S =

‘B, Linked: hello-FVP-example »
Preparing the debug session

# cd "/mp”

# export LD _LIBRARY PATH=".:$LD LIBRARY PATH"
# gdbserver :508@ "./hellc” Demo Test
Process ./helle created; pid = 785

Listening on pert 5eee
Nl Bits iy | Debug session has been started, connecting to gdbserver
¥ Killing all inferiors
#
I ] +
Bé

Streamline profiling on TE0720 - a simple screen of activity.

when using proper build all that is needed is to add init.sh to SD card

#!/ bin/sh

ifconfig ethO 192. 168. 140. 199
i nsnod /root/gator. ko
/bin/gatord &

Example init.sh to set fixed IP address and start gator
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Compile/lnstall

Instructions for 64-bit Windows (i.e. always download 64-bit packages):

1. Install Cygwin from: http://cygwin.com/install.html
a. In the step "Cygwin Setup - Select packages", select collection "Devel" and click on the word
"Default" to change the installation type to "Install":

* Cygum Setep - Salark Packeges I [l 54
Selnct Macknges:
S ek g b sl it
feerch Goxr ©Bew F Qe CEp New | Comgay
Caligeey | Ml [B7 | 5e7 | 5m Package |
[ Cmousg € Colme =
O Chwnd ¢ Inurind
RS b =] d bk aslh-deve: Snasc
& (=] | & =mulvoont: Wrepoer sciol
L5 A (=] | ik rdvoantd 1) ke van
L5 e =] | Ok auooonll 5 An mbenal
il =] | %k mulorsks: Wrepnerforr
L5 Ay ] =] | S0k mulomske] 10 10aE
4117161 =] 1 Bk zdomzke]17:01 072 S
1 | )
[ Lhow obeo ss pacioazes
cgoce [ mmes | e |

b. Cygwin requests installation of additional packages to resolve dependencies - in this step, click
"Next".
c. Get a cup of tea of coffee as it takes a while to download all required packages.

2. On the start menu, click "Cygwin64 Terminal".
CEE 0l =]

a. The cygwin terminal opens: —"———————————————S |

b. A home directory in the Cygwin installation is created automatically. The home directory can be
found in the directory "C:\cygwin64\home\USERNAME" where "USERNAME" is your Windows
username.

c. Minimize the cygwin terminal to the taskbar.

3. Get the latest OpenOCD ZIP archive from: http://sourceforge.net/projects/openocd/files/openocd/ .

a. Copy the contents to your home directory in the Cygwin installation.

b. Thus, the OpenOCD sources should be in the directory
"C:\cygwin64\home\USERNAME\openocd-0.7.0", where USERNAME is your Windows
username and OpenOCD version is "0.7.0".

4. Get the latest FTDI D2XX drivers as a ZIP archive from http://www.ftdichip.com/Drivers/D2XX.htm .

a. Copy the contents to your home directory in the Cygwin installation.

b. Rename the long directory name "CDM v2.08.28 Certified" to "ftd2xx".

c. Plug the FTDI JTAG dongle (TODO: is dongle name correct?) and install the drivers from this
directory unless you have the drivers installed already.
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5. Click here to download the zynq patch (origin:
http://sourceforge.net/mailarchive/forum.php?thread_name=20130403122006.003E12432C%400penc
) and save it in your home directory in the Cygwin installation.

6. Activate the cygwin terminal and verify that your home directory contains both directories, "ftd2xx" and

"openocd-0.7.0" and the patch file "zyng.patch" by running command "Is":
CEE 0l |

7. Change the working directory to "openocd-0.7.0" by running the command "cd openocd-0.7.0".
8. Apply the zyng patch by running the command "patch -p1 < ../zyng.patch".
9. Run the configuration script with a following command:
.Jconfigure --enable-maintainer-mode --disable-werror --disable-shared --enable-ft2232_ftd2xx
--build=i686-pc-linux-gnu --host=i686-w64-mingw32 --with-ftd2xx-win32-zipdir=$HOME/ftd2xx
This will generate Makefile-s needed for the compilation of OpenOCD.
10. Compile OpenOCD with the command "make". This takes a few minutes.
11. Minimize the cygwin terminal
12. Executable "openocd.exe" can be found in the directory
"C:\Cygwin64\home\USERNAME\openocd-0.7.0\src", where USERNAME is your Windows
username.

Shorter alternative to steps 3... 11:

1. Click here to get the mkopenocd.sh skript and save it in your home directory in the Cygwin
installation.
2. Activate the cygwin terminal and run the following commands:
a. chmod +x mkopenocd.sh
b. ./mkopenocd.sh

> halt

number of cache level 1

ZYNQ_PS.cpu cluster O core 0 multi core

target state: halted

target halted in ARM state due to debug-request, current mode: System
cpsr: 0x6000015f pc: 0x0001df18

MMU: disabled, D-Cache: disabled, I-Cache: disabled

>mdw 0 4
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Example session with openocd, target platform 7020 (non ES silicon) on TE0720 using TE0701 on board

JTAG circuitry.

interface ft2232

ft2232_latency 2

adapter_khz 10000
set_CHIPNAME ZYNQ_PS
set_TARGETNAME $ CHIPNAME.cpu

12232 layout "digilent-hs1"

ft2232_device _desc "Digilent USB Device"
12232 _vid_pid 0x0403 0x6010

Jtag newtap ZYNQ _PL bs -irlen 6 -ircapture 0x1 -irmask 0x03 -expected-id 0x23727093
jtag newtap $_CHIPNAME dap -irlen 4 -ircapture 0x1 -irmask Oxf -expected-id 0x4ba00477
target create $ TARGETNAME cortex_a8 -chain-position $_CHIPNAME.dap -coreid 0

$ TARGETNAME configure -work-area-phys 0x0 -work-area-size 0x1000

Example config for openocd, the above does not support SRST ARM reset signal, openocd patch is
available to support reset assertion.

Name
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Name Version Date

image2013-7-28 10:5:6.png 1 2013-07-28 08:05

image2013-7-28 10:6:22.png 1 2013-07-28 08:06

image2013-7-28 9:38:36.png 1 2013-07-28 07:38

mkopenocd.sh 1 2013-07-28 22:27

zynq.patch 1 2013-07-28 21:40

Copyright © 2014 Trenz Electronic GmbH Page 195 of 202 http://www.trenz-electronic.de



‘\\ “

¢ trenz

@ ¢lectronic
0 TEO0720 User Manual Revision: 0.2

DCC Console

DCC Console allows uart console style debugging over ARM JTAG.

There are no bare-metal examples but Xilinx u-boot repository can be checked for the DCC console driver
implementation. For experiments there are pre-compiled u-boot-dcc images within Xilinx SDK installation
(location depends on the version of installed Xilinx tools).

Xilinx precompiled OCM RAM u-boot images

C:\Xilinx\Vivado\2014.2\data\xicom\cfgmem\uboot

06/10/2014 08:35 PM 582,145 nand_16.bin
06/10/2014 08:34 PM 581,977 nand_8.bin
06/10/2014 08:34 PM 419,444 nor.bin

06/10/2014 08:34 PM 472,007 gspi_dual_parallel.bin
06/10/2014 08:34 PM 472,007 gspi_dual_stacked.bin
06/10/2014 08:35 PM 472,271 qspi_single.bin

The above images are compiled version of u-boot from Xilinx git repository. They are just renamed from BIN
to ELF. It is possible to execute them on TE0720 as well from SDK debugger. The one of interest is
sqpi_single it allows u-boot to access QSPI flash on TE0720.

The only requirement is that OCM RAM blocks must be remapped to high memory, this is where the u-boot
object is loaded.

Write 0xO0000000F to OCM_CFG register (at 0xF8000910) before loading the uboot image into OCM RAM.
When executed the u-boot will send console over ARM DCC channel to Xilinx debugger terminal.

Copyright © 2014 Trenz Electronic GmbH Page 196 of 202 http://www.trenz-electronic.de



o

s trenz

@ ¢lectronic
0 TE0720 User Manual Revision: 0.2

Handling and usage precautions

General

® Unpack and handle the module in an ESD safe workplace only.

* Keep the module away from moisture and dust.

® Remove power completely before plugging the module onto or unplugging it from a carrier board.
® Do not apply any voltage to any pin, when the module is not powered.

® Do not apply any voltage to any I/O pin, when the Power Good signal of the module is not active.

Removal Instructions

Samtec LSHM connectors are shock-proof and vibrations resistant, and have therefore high mating forces. It
is recommended to remove the module via the mounting holes. When mounted with distance holders,
unscrew the screws on the baseboard bottom about 2 mm, then press the baseboard equally (e.g. on a
desktop) to lift the module. Repeat this until the module is unplugged [see Video below]. If this is not
possible, you have to use a soft lever.

@ Important: start by pulling corners 3 and 4, then pull corners 1 and 2!

Take a soft lever, like a plastic pen, and start lifting the module at position 1 about 1 mm, then proceed with
position 2.

& You must lft positions 1 and 2 at least 1-1.5 mm before proceeding to lift positions 3 and 4.

Lift positions 3 and 4 a few millimeters. Repeat with positions 1 and 2 until the module is unplugged.
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Failure to follow this procedure will very likely cause the left connector to break on the base board, as it is
very hard to apply a controlled pull force by hand.
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Winbond 32MByte SPI Flash in 2013.4

TEOQ720 on-board flash can be programmed directly only with SDK Flash Programmer starting from Vivado
2013.4 version. Previous versions can not access the flash properly. Please notice that ISE/Impact 14.7 do
not support Winbond 32MB, only SDK 2013.4 does!

@ FsSBL generated with SDK 2013.4 may not boot if some error is detected, in such cases it forces
bootrom fall-back in a way that may make the Zynq device to appear as "broken"!

~This is not related to any hardware issues, TE0720 is alive, ZYNQ is alive, and correct operation
can be recovered.

Problem description:

If SPI flash is programmed with 2013.4 version of FSBL, and if this FSBL detects some error conditions, then
following happens: After POR Reset, ARM DAP TAP "disappears" from the chain. JTAG chain will look like it
has only one device, that returns ZYNQ FPGA IDCODE on JTAG discovery.

JTAG Command IDCODE will return garbage. JTAG boundary scan functions are not available either. As
long as this condition persists ZYNQ is completely not accessible from JTAG.

After some time (more than 10 seconds, this may however depend on the SPI flash contents) - ZYNQ
bootrom gives up, and both JTAG TAPS re-appear in the JTAG Chain again. JTAG IDCODE command
works now again, JTAG boundary scan is accessible, and ARM DAP is accessible as well. FPGA
Configuration interface is however DISABLED, internal INIT is not released, and Impact or any other
download tool can not Configure the FPGA Fabric over JTAG.
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Open Select - || Detect | State ~ ||| Rurt... [ Show Commands = Chedk Load BSDL DOME=1
Close Reset Run from File || Stop On Error JEDECID | SAMPLE EXTEST I
Cable Chain TAP/Debug SV SPI BSOL
»-USB SvF_ | BSDL | PDL/TCL | Board/Module
4 JTAG Mum  Type Port Function Safe CCell Disval Rslt Value Direction i
- 4BAD04TT B
L. 23727093 0 BC_2 = controlr 1
1 BC2 RSVDGND_G10 outputd 0
2 BC_2 RSYDGND_G10 I} input 0
= BC_2 RSVDOVCC_T10 input 1
4 BC_2 RSVDIVCC_TS input 1
5 BC_2 RSVD2VCC_T7 input 1
[ BC_2 CFGBVS_T13 input 1
Properties
7 BC_2 = internal 1
Key Value
8 BC_2 = controlr 1]
IDCODE “4BAQD4T7
VENDOR. ARM (DAF) 9 BC2 INIT_B_T14 output3 0
USERCODE  nfa 0 BC2 INIT_B_T14 input 0
1 BC_2 * controlr 1]
12 BC_2 DONE_T12 outputd 0
13  BC_2 DOMNE_T12 input a

INFO: ToolZ - Digilent Product Name: JTAG-ONE4
INFO: ToolZ - Digilent Product ID: 50800157
INFO: ToolZ - vendor Product: TED701-03
00000000
00000000
00000000
00000000
00000000
00000000
EF401900
EF401900
EF401300

=

This is how BOOTROM locked device looks (after the bootrom timeout), INIT_B is set as output driving 0
from the ZYNQ device (both CONTROLR and OUTPUTS3 bits are 0).

Boundary scan still works, in the screen-shot above "EF401900" is the JEDEC ID from the SPI Flash on
TEOQ720 read using boundary scan (while ZYNQ is in bootrom locked error state).

Recovery Instructions:

On TEO701 insert SD Card, power-up, remove SD-Card, press Reset button, then reprogram Flash with
known good image using SDK 2013.4 Flash Programmer.

If only available boot mode is SPI Flash boot then after the bootrom timeout (when 2 devices are back in
JTAG chain) SDK Flash Programmer can reprogram the Flash.
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Legal Notices

Document Warranty

The material contained in this document is provided “as is” and is subject to being changed at any time
without notice. Trenz Electronic does not warrant the accuracy and completeness of the materials in this
document. Further, to the maximum extent permitted by applicable law, Trenz Electronic disclaims all
warranties, either express or implied, with regard to this document and any information contained herein,
including but not limited to the implied warranties of merchantability, fithess for a particular purpose or non
infringement of intellectual property. Trenz Electronic shall not be liable for errors or for incidental or
consequential damages in connection with the furnishing, use, or performance of this document or of any
information contained herein.

Limitation of Liability

In no event will Trenz Electronic, its suppliers, or other third parties mentioned in this document be liable for
any damages whatsoever (including, without limitation, those resulting from lost profits, lost data or business
interruption) arising out of the use, inability to use, or the results of use of this document, any documents
linked to this document, or the materials or information contained at any or all such documents. If your use of
the materials or information from this document results in the need for servicing, repair or correction of
equipment or data, you assume all costs thereof.

Copyright Notice

No part of this manual may be reproduced in any form or by any means (including electronic storage and
retrieval or translation into a foreign language) without prior agreement and written consent from Trenz
Electronic.

Technology Licenses

The hardware / firmware / software described in this document are furnished under a license and may be
used /modified / copied only in accordance with the terms of such license.

Environmental protection

To confront directly with the responsibility toward the environment, the global community and eventually also
oneself. Such a resolution should be integral part not only of everybody's life. Also enterprises shall be
conscious of their social responsibility and contribute to the preservation of our common living space. That is
why Trenz Electronic invests in the protection of our Environment.
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REACH (Registration, Evaluation, Authorisation and Restriction of
Chemicals) compliance statement

Trenz Electronic is a manufacturer and a distributor of electronic products. It is therefore a so called
downstream user in the sense of REACH. The products we supply to you are solely non-chemical products
(goods). Moreover and under normal and reasonably foreseeable circumstances of application, the goods
supplied to you shall not release any substance. For that, Trenz Electronic is obliged to neither register nor
to provide safety data sheet.

According to present knowledge and to best of our knowledge, no SVHC (Substances of Very High Concern)
on the Candidate List are contained in our products.

Furthermore, we will immediately and unsolicited inform our customers in compliance with REACH - Article
33 if any substance present in our goods (above a concentration of 0,1 % weight by weight) will be classified
as SVHC by the European Chemicals Agency (ECHA).

RoHS (Restriction of Hazardous Substances) compliance statement

Trenz Electronic GmbH herewith declares that all its products are developed, manufactured and distributed
RoOHS compliant.

WEEE (Waste Electrical and Electronic Equipment)

Information for users within the European Union in accordance with Directive 2002/96/EC of the European
Parliament and of the Council of 27 January 2003 on waste electrical and electronic equipment (WEEE).

Users of electrical and electronic equipment in private households are required not to dispose of waste
electrical and electronic equipment as unsorted municipal waste and to collect such waste electrical and
electronic equipment separately. By the 13 August 2005, Member States shall have ensured that systems
are set up allowing final holders and distributors to return waste electrical and electronic equipment at least
free of charge. Member States shall ensure the availability and accessibility of the necessary collection
facilities. Separate collection is the precondition to ensure specific treatment and recycling of waste electrical
and electronic equipment and is necessary to achieve the chosen level of protection of human health and
the environment in the European Union. Consumers have to actively contribute to the success of such
collection and the return of waste electrical and electronic equipment.

Presence of hazardous substances in electrical and electronic equipment results in potential effects on the
environment and human health. The symbol consisting of the crossed-out wheeled bin indicates separate
collection for waste electrical and electronic equipment.

Trenz Electronic is registered under WEEE-Reg.-Nr. DE97922676.
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