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1 Getting Started with Ultra96-Vv2

The Avnet Ultra96-V2 enables hardware and software developers to explore the capabilities of
the Zyng® UltraScale+™ MPSoC. Designers can create or evaluate designs for both the Zynqg
Processor Subsystem (PS) and the Programmable Logic (PL) fabric.
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Figure 1 — Ultra96-Vv2

This Getting Started Guide will outline the steps to setup the Ultra96-V2 hardware. It
documents the procedure to run a Linux design running on the Quad-core ARM Cortex-A53
MPCore Processing System (PS).
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2 What's Inside the Box?

Ultra96-V2 development board

16GB microSD card with SD adapter and jewel case
Voucher for SDSoC license from Xilinx

Quick Start Instruction card

2.1 Optional add-on items:

See

External 96Boards compliant power supply kit
o0 A power supply is required to operate the board
0 AES-ACC-U96-4APWR (12V, 4A, International plugs)
o]
USB-t0o-JTAG/UART pod for Ultra96-Vv2
o The JTAG/UART pod is not required to operate the board, but the pod does
provide terminal communications, JTAG programming, and JTAG debug, so the
pod is highly recommended.
0 AES-ACC-U96-JTAG
o]
96Boards Click Mezzanine for adding Click boards to the Ultra96-Vv2
0 Mezzanine only -- AES-ACC-U96-ME-MEZ
o Starter kit including 3 Click boards -- AES-ACC-U96-ME-SK
o]
o0 Additional Click boards available at
96Boards Dual Camera Mezzanine for adding image sensors to the Ultra96-V2
0 AES-ACC-U96-ONCAM-MEZ
o]
96Boards Quad Ethernet Mezzanine from Opsero
o]
DisplayPort Monitor
o0 miniDP-to-DP cable required
HDMI Monitor
0 Requires Active miniDP-to-HDMI adapter or cable
USB-to-Ethernet adapter
o Ultra96-V2 does NOT have native wired Ethernet, but you can easily add wired
Ethernet with inexpensive and readily available adapters

for specific part numbers and other suggestions.
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http://avnet.me/96boardpower
http://avnet.me/Ultra96JTAG
http://avnet.me/ClickMezzanine
http://avnet.me/Click
http://avnet.me/DualCameraMezz
https://opsero.com/product/96b-quad-ethernet-mezzanine/
http://avnet.me/Ultra96_Accessories

3 What’s on the Web?

Ultra96-V2 is a community-oriented kit, with all materials being made available through the
http://avnet.me/ultra96-v2 community website.

3.1 Official Documentation:

Getting Started Guide

Hardware User Guide

Schematics

Bill of Materials

Mechanical drawing

3D Model

Programmable logic (PL) master user constraints

Board definition files for Vivado integration available at https://github.com/Avnet/bdf.

3.2 Tutorials and Reference Designs:
e https://www.hackster.io/avnet/products/ultra96-v2

3.3 Trainings and Videos:
¢ Live and On-Demand Technical Training Courses at http://avnet.me/TTC
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4 Ultra96-V2 Key Features

e Linaro 96Boards Consumer Edition compatible

e Xilinx Zynq UltraScale+ MPSoC ZU3EG SBVA484
0 AES-ULTRA96-V2-G: -E
0 AES-ULTRA96-V2-1-G: -1

e Memory

0 Micron 2 GB (512M x32) LPDDR4 Memory

0 microSD Socket with microSD card
»  AES-ULTRA96-V2-G: Ships with Delkin Utility MLC 16GB card
»  AES-ULTRA96-V2-1-G: Ships with Delkin Utility+ MLC 16GB card

¢ Microchip Wi-Fi / Bluetooth

¢ Renesas (IDT) VersaClock 6E clock generator

e Infineon and ON Semiconductor high efficiency power management

o Mini DisplayPort (MiniDP or mDP)

e 1x USB 3.0 Type Micro-B upstream port

¢ 2x USB 3.0 Type A downstream ports

¢ 1x USB 2.0 Type A downstream port (on High-speed expansion header)

¢ 40-pin Low-speed expansion header

¢ 60-pin High-speed expansion header

e Thermally dissipative device
0 Rev 1, datecodes 1935 and earlier: Mounted on thermal bracket with fan
0 Rev 1, datecodes 1936 and later: Custom Aavid passive heatsink

0 Rev 2: Custom Aavid passive heatsink

Note that there is no on-board, wired Ethernet interface, although this can be added through the expansion
connectors or USB. All communications without add-ons must be done via USB, Wi-Fi, JTAG, or expansion
interface
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Figure 2 — Ultra96-V2 Block Diagram
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5 Ultra96-V2 Basic Setup and Operation

The functionality of the Ultra96-V2 is determined by the application booted from the non-volatile
memory — by default the microSD Card. This Getting Started Guide allows system developers to
exercise and demonstrate multiple circuits through PetaLinux, including:

e SSH Terminal Access
e GPIO LEDs
o Wi-Fi

In addition to the items included in the kit, you will also need the following to complete the
exercises in this tutorial.

o Ultra96 USB-to-JTAG/UART Pod (required for terminal access)
or
e Monitor (requires connection to miniDP port), keyboard, mouse

An Ultra96-V2 image in its expected out-of-box configuration is shown below along with various
topology components highlighted.

40-pin Low-speed INIT_B 60-pin High speed 12V Power Wi-Fi/
expansion header (J5) LED (D5) expansion header (J4) Input (J10) Bluetooth
(U2)
Boot mode
switch (SW3) 12VVIN
LED (D17)
1x User Push Button PENEPRITHGH
ATy (sw4)
Power On LED (D2) Reset
Button
DONE LED (D1) w2
] 4x User
microSD Socket LEDs (D3
(J2) D4, D6, D7)
Mini DisplayPort Wireless LAN (D9) 1x USB 3.0 Type 2x USB 3.0 Type A
(Jo) and Bluetooth Micro-B upstream downstream ports
(D10) LEDs Port (J7) (J8 and J9)

Figure 3 — Ultra96-V2 Topology
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6 Example Design

The Ultra96-V2 example design must first be written to the 16GB microSD Card, which ships
blank.

1. Please download the image and instructions using these links:
Instructions: http://avnet.me/Ultira96-flash-write
Image: http://avnet.me/ultra96-v2-oob (517 MB)
MD5 Checksum for Image: d2676f376e74940e7cbh02cbeebaecd49

2. Complete the process to write the image to your 16GB card.

3. Insert the microSD card into the Ultra96-V2 card cage J2.

7 Run the Out of Box Design

1. Aterminal program is recommended if you want to view terminal output. TeraTerm was
used in this example which can be downloaded from the TeraTerm project on the
SourceForge Japan page: ttssh2.sourceforge.jp Install TeraTerm or another terminal
program of your choice.

2. Set the Ultra96-VvV2 boot mode switch SW3 to SD Card boot mode as shown below with
Switch 1 in the OFF position and Switch 2 in the ON position.
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Figure 4 — Ultra96-vV2 SW3 Boot Mode Switch Location
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3.

If you will be using a USB-to-JTAG/UART Pod for terminal access, plug that into J1 and
J3 before plugging in 12V power. Note that the Ultra96-V2 is compatible with Pods that
have 3-pin and 7-pin receptacles (align as seen in Figure 5 below), as well as Pods with
4-pin and 8-pin receptacles (as seen in Figure 6 below).

You can find more information about the JTAG/UART pod here:
http://avnet.me/JTAG-UART-pod-vref

AES-ACC-U96-JTAG
i)

sl

This Pin Not
Connected is OK

Figure 5 — Ultra96-v2 with older 3-pin JTAG/UART Pod
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http://avnet.me/JTAG-UART-pod-vref

4.

ES-ACC-U26-JTAG

Rav2

mad
i RXD
L LS
J=m) VREF

Figure 6 — Ultra96-V2 with newer 4-pin JTAG/UART Pod

If you are viewing the display on a monitor, plug in the appropriate cable to the monitor.
Also, plug in a keyboard/mouse.

e mini-DP to DisplayPort cable with DisplayPort Monitor
e ACTIVE mini-DP to HDMI adapter/cable with HDMI Monitor

Plug in your 12V Barrel Jack power supply into a wall outlet and then connect the barrel
jack to J10 on your Ultra96-V2. Green Vin status LED D17 will light, but the board is not
yet powered on.

Note: DC power supply is not included in the Ultra96-V2 kit but can be purchased
separately — http://avnet.me/96boardpower
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The Ultra96 USB-to-JTAG/UART Pod ships with pre-programmed firmware that allows the
JTAG interface to be recognized by Xilinx Vivado software. Additionally, most host machines will
also automatically install the driver for the Serial Terminal interface.

6. If using the JTAG/Pod, do the following:

e Plug a microUSB cable between the Pod’s microUSB Port (J1) and a host
computer.

o If the serial terminal drivers do not automatically install, you can manually install
the driver for the FT2232H device. Visit www.ftdichip.com/Drivers/VCP.htm then
download and install the appropriate driver for your operating system.

e Launch your Serial Terminal with settings of 115200-8-N-1.

7. Press and release the power button (SW4).
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Figure 7 — Press the SW4 Power On Button

8. The Green Power On LED (D2), Red INIT_B LED (D5) and the Green User LEDs should
illuminate. After a few seconds, the INIT_B LED will turn off and the Blue DONE LED (D1)
will illuminate. You will immediately see output to the terminal screen as Linux boots. At
~30 seconds, the Green User LED D7 will blink in a heartbeat fashion. The miniDP output
shows a Chromium browser page.
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8 Connect to Webserver

1. From your Wi-Fi capable host machine, show the available Wi-Fi networks. You should see an
Open network called Ultra96-V2_<MAC_ADDRESS> as shown below. Note that the MAC Address
shown will be different than the image below as it will match your specific board’s MAC Address.

UltraS6-V2_FAF005
Open

Secured

b
Mobile
Airplane mode  hotspot

Figure 8 — Ultra96-V2 As An Available Network

2. Select the Ultra96-V2 Network and Connect.

Page 16



3. Once connected, open a browser on the connected machine, and browse to the IP
address of the board, which is http://192.168.2.1. The browser page will show like below.

§ Ultra86-V2 Home *® =+

C 00 | A Notsecure | 19216821 a v » 0

Ultra96-V2 Home

IP Address: 192.168.2.1 MAC Address: FBF005C42C42

Example Projects

Name Description
Ulirag6-v2 GPIO LEDs Be able to confrol the four GPIO LEDs on the Ultra96-V2 Board. Can have them in a constant state or as a trigger.
Custom Content
Name Description
Custom Content \iew/Edit'Create a variety of different custom projects or documents created or imported by you.
Tutorials
Name Description
dnf Shows you how to create packages using the dnf package manager.
Custom Content Leam how to viewledit/create a variety of different custom projects or documents created or imported by you.
More Tutorials Find the entire list of tutorials to select from here
Board configuration
Name Description
WiFi Setup Connect to a WiFi network.

© 2018 Xilinx, Inc.

ersion: 1.0.0

Figure 9 — Connected to Ultra96-vV2 Webserver
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http://192.168.2.1/

9 Ultra96-VvV2 GPIO LEDs Example Project

The Ultra96-V2 LEDs are D3, D4, D6, and D7, shown below:

Figure 10 — Ultra96-V2 User LEDs

1. Next we want to access the Ultra96-V2 GPIO LEDs example project. From the Ultra96-
V2 home page select Ultra96-V2 GPIO LEDs example project

Ultra96-vV2 Home

IP Address: 192.168.2.1 MAC Address: F8F005C42C42

Example Projects

Name Description

Ulira%-v2 GPIO LEDs Ee able to control the four GPIO LEDs on the Ulira96-v'2 Board. Can have them in a constant state or as a trigger.

Figure 11 — Ultra96-V2 GPIO LEDs
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2. All LEDs will be at an unknown state to begin with. Select the drop down menus and
begin changing the status of the GPIO LEDs. The LED blinking upon boot-up is D3, so
consider changing that one first to “On.”

Ultra96-vV2 GPIO LEDs

GFANEENENNENENREEEEREA A

S HEAEEEEENEEEENERNEEEE
. : .

LEDO/DS
[Cn v

LEDA/D4
[Unknown v

LED2/D6
Unknown 7|

LED3DT
Unknown ¥

Figure 12 — LEDO/D3 Changed to Steady-state ON

3. Scroll to the bottom of the webpage and you will see a definition table for various LED
selection options.
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10 Tutorials

1. Select the Tutorials tab at the top of the page. You will be redirected to the Tutorials
page.

§/ULTRA96

Instruction

This page contains a list of Tutorials that can help detail how some things are currently done and how o implement custom features. Below is a table of tutorials/guides and their
descriptions

Tutorial/Guide Description

Custom Content Leam how to create custom projects and webpages or upload your own local documents.

Run Example Project Leam how to un example project and edit project code.

dnf Leam how to use the dnf Package Manager through an example

Using Ulfrade-v2 Leam about the different ways that you can do acfions and/or access the board,

Figure 13 — Ultra96-Vv2 Tutorials

2. Click on Custom Content. This explains three ways to add custom content. Click
Tutorials or back in your browser to go back.

3. Click Using Ultra96-Vv2.

4. This tutorial goes over the various ways you can interact with the Ultra96-V2. As of now
we have interacted using the Webserver and UART on the Pod.

5. To explore your Ultra96-V2 over miniDP, you will need a compatible cable and monitor.
For example, the following combinations work:

e miniDP-to-DP cable with DisplayPort Monitor
e Active miniDP-to-HDMI cable with HDMI Monitor

6. Read through the SSH section, it states we can access the Ultra96-V2 terminal using
TeraTerm or a PUTTY terminal application.

7. Since we have already downloaded and installed TeraTerm at the beginning of this guide
let's access the Ultra96-V2's Linux terminal over SSH using TeraTerm
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11 Access Ultra96-vV2 Linux Terminal over SSH

1. If connected via UART, click File = Disconnect

2. Open TeraTerm and then select File > New connection... as seen in the image below.

Tera Term - [disconnected] VT — O >
File  Edit 5Setup Control Window Help

Mew connection... [t+M 2
Duplicate session [}

Cygwin connecticn Alt+

Log...

Comment to Log...

View Log

Show Log dialog...

Send file...

Transfer 3
S5H SCP....

Change directory...

Replay Log...

TTY Record
TTY Replay
Print... Alt+P

Disconnect Alt+]
Exit Alt+Q
Exit All

Figure 14 — TeraTerm New Connection
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3. A new TeraTerm: New connection window will open. We now want to connect to
Ultra96-V2 over SSH, select TCP/IP and then configure your Terminal settings to use the
IP address that you discovered previously, similar to the below figure.

Tera Term: Mew connection pd

® TCPAIP Host: [RESLT RS “

[ History

Service: ) Telnet TCP port#: |22
® SSH SSH version: §2H? .
() Other
Protocol: | UNSPEC -~
() Serial COMGE: USB Serial Port [COME]
0K Cancel Help

Figure 15 — SSH Terminal Settings
4. Select OK

5. If you get a SECURITY WARNING, click Continue to add this machine to the known
hosts list.

SECURITY WARNING X

There is no entry for the server "192, 168.11.317in your list of known
hosts. The machine you have contacted may be a hostile machine
pretending to be the server,

If you choose to add this machine to the known hosts list and continue,
then you will not receive this warning again.

The server's host key fingerprint is:
Fingerprint hash algorithm: (C)MD5 (@) SHAZ56
| 5HA256:0539PWCUIQXGETS3mNTYHIyWZTK3IaVvI SUvhZS |

+———[RSA 2048]——+

*oloo |
| o " @+o|
| o3 ++]
| S
| S. o+ 4]
| + 0. = E|
|
|

o AP
+————[SHA256 ]———— +

[] add this machine and its key to the known hosts list

Figure 16 — Click Continue
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6. You will then be prompted to enter SSH Authentication information. In our case it is
looking for the Linux terminal’s user name and passphrase which are root and root.
Please type in root for the User name and then type in root for the Passphrase as well.
Then select OK.

55H Authentication — *

Logging in to 192,168,11.31
Authenticati i

User name: | root |

assphrase: | (YIT} |
|v|Remember password in memory

[Forward agent

(®) Use plain password to log in
OUSE RSADSAECDSAED25519 key to login | Private key file:

Use rhosts to log in (55H1)

Host private key file:
(O Use keyboard-nteractive to log in

(D) Use Pageant to log in

Disconnect

Figure 17 — SSH Authentication
7. You now have access to the Ultra96-V2 Terminal!

H 192.168.2.1 - Tera Term VT - I %

File Edit Setup Contrel Window Help ]
1

rootBultra?6v2-2020—1:"% "7 b

Figure 18 — Ultra96-V2 Terminal
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12 Connect to External Wi-Fi

To perform package updates or access anything from the Internet, the board must be connected
to an external internet source.

1. Click Configurations and then WiFi Setup.

B /ULTRA9S

Configurations

Information

On this page you can select a variety of difierent pages to go to that can either alter the settings or configurations on the Ulirad6-\2 Board. Listed below is a table with the name of
the page and its dest:ripg'cking on the name (which should be blue and underiined) will send you fo another page.

Page Description

Webapp Change if the webapp should automatically open for each boot or not.
WiFi Setup Connect to a WiFI network.

Change Root Password The username is root.

Change the roct password on the Ultrad6-V2. WARMNING: It is important to always remember the root password.

dnf Package Update Update packages through dnf.

Figure 19 — WiFi Setup

2. Click the Refresh Connections button then click the pull-down for Network Name.
Next, select a network available to you.

Select method for Wifi

® Dropdown © Text Field 9
Metwork Mame: 3 2
hy |

| No Netviork - |

Open Networks
MIA

Encrypted Networks
R
R

Al
Lt
Check Connection o

WARNING:Refreshin nections will cause loss of any existing Wi-Fi connections.

Refresh Connections

Figure 20 — Discovering Networks

3. If a passphrase is required, first select the radio button for Text Field. Enter the
Network Passphrase into the Network Passphrase box, then click Connect.
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4. Be patient as it can take several seconds for the connection to work. When successful,
you should see the following message:

WiFi Setup

Successfully added network. it may take a few seconds to actually connect.

Figure 21 — Successfully Connected

At this point, the Access Point may no longer work. To connect back to the board, you must now
connect to the IP addressed assigned by the external Wi-Fi router. You can do this by logging
into the router, or you can use the terminal from the JTAG/UART Pod as shown below.

4. In the terminal, enter command ‘ifconfig’ to determine the assigned IP address.

LuutEultra96u2—282E—1:”ﬁ ifconfig
1o Link encap:Local Loophack
inet adde:127.8.8.1 Mask:=25L.8.8.8
inett addr: ::1-128 Scope:Host
UF LOOPBACK RUNNING HMTIU:65536 HMetric:1
R¥ packets:2912 errors:8 dropped:8 overrunz:@ frame:8
ITX packets:2912 errors:8 dropped:8 overruns:A carrier:A
collizions:@ txgueuelen:1008
Ri bhytez:1975%84 (192.9 KiB> T2 bytes:197584 (192.7 KiB>

mon.p2pA@ Link encap:UNSPEC HYaddr BH-—A8-80-B0-080-00-00-30-80-00—H8-80-00—-A8-00Q

—aa

UF BROADCAST RUNMING MULTICAST MIU:15%688 Metric:1
R¥ packets:8 errors:B dropped:B overruns:B frame:@
T¥ packets:8 errorsz:@ dropped:d overruns:d carrvier:@
collisions:8 txgueuelen:1868
Ri hyte=z:B (A.8 B> T& hytesz:@ (8.8 B>

p2pA Link encap:Ethernet HWaddr FA:FA:@5%:C4:20C:-42

inet adde:192_168.2.1 Bcast:192.168.2.255 Mask:255.255.255.8
inetb addr: fe8B::f8fBA:5ff:fecd4:2c42-64 Scope:Link

UF BROADCAST RUNMING MULTICAST HMIU:15%688 Metric:1

R¥ packets:1982 errorz:@ dropped:B overruns:A frame:@

T¥ packets:2736 errors:A dropped:8 overruns:@ carrier:-@
collisions:B txgueuelen:180606

Ri bhytes:224981 (219.7 KiB> TX bytes:1892562 (1.8 HiB>

wlanB Link encap:Ethernet HWaddr FB:FA:@5:C4:20C:-42

inet addr:192.168.18.157 Bcast:192.168.18.255 Mask:255.255.255.8
inett addr: feBB::faf@A:5ff:fecd4:-2c42./64 Scope:Link

inett adde: fdd2:ef6S:BfA2:-@:fafB@:5ff:-fecd:2c42.764 Scope:Global

UF BROADCAST RUNMING MULTICAST HMIU:15%688 Metric:1

R¥ packets:674 errors:8 dropped:A overrunz:-fA frame:@8

T¥ packets:322 errors:8 dropped:8 overruns:B carrier:8
collizions:@ txgueuelen:180080

RE bytes:2081133 <196.4 KiB> T¥ bytes:35957 (35.1 KiB>

rootBultra?6e2-2020-1:"4% [] A

Figure 22 — Determine IP Address Assigned to Ultra96-v2
5. Connect your host to the same Wi-Fi source. With both your host and Ultra96-V2 board
connected to the same Wi-Fi source, point your browser to this new IP address, and you
will be back to the same interactive browser page for Ultra96-Vv2.
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| Ultra96-V2 Home ® +

C 1Y A Notsecure | 192.168.10.157/home.html

o C——

Ultra96-V2 Home

IP Address: 192.168.2.1 MAC Address: FBF005C42C42

Example Projects

Name Description

Ultra96-v2 GPIO LEDs Be able to control the four GPIO LEDs on the Ultrag6-v2 Board. Can have them in a constant state or as a trigger.

Figure 23 — Connected to Ultra96-Vv2 Via External Wi-Fi
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13 Reading On-board PMIC and MPSoC Telemetry

The Infineon PMICs on the Ultra96-V2 connect to the ZU+ MPSoC device via PMBus. This
allows us to read important telemetry from the power regulators on board. To learn more about
this feature, read this blog and view this recorded webinar:

https://www.elementl4.com/community/groups/power-management/blog/2017/10/11/benefits-
of-power-system-telemetry-using-pmbus

https://www.elementl4.com/community/events/5588/l/pmbus-and-power-supply-telemetry

You can also view a more advanced project related to this on Hackster:

https://www.hackster.io/AlbertaBeef/monitoring-power-on-the-avnet-platforms-e52a23

For now, we will show the simple method of reading back the telemetry.

1. Connect to the Linux Terminal either through SSH or the UART. To see the available 12C
busses available, type in your console 12cdetect -1

kuutEﬁltga?ﬁuZ—EﬂEE—i:"#_iEcdetect -1

iZc—3 i2e i2c—B-mux <chan_id 1> I12C adapter
i2c—1 i2c ZyngMP DP AUX I2C adapter
iZc—8 i2e i2c—B-mux <chan_id 6> I12C adapter
i2c—b iZ2c i2c—HB—mux Cchan_id 4> I2C adapter
iZc—4 i2e i2c—B-mux <chan_id 2> I12C adapter
i2c—2 i2c i2c—B—mux ¢chan_id 8> I2C adapter
iZ2c—@ i2e Cadence I2C at ffé3BAad I12C adapter
i2c—9 i2c i2c—B—mux Cchan_id 7% I2C adapter
iZ2c—7 i2e i2c—B-mux <chan_id 5> I12C adapter
i2c—5 iZ2c i2c—B—mux ¢chan_id 3> I2C adapter
rootPultra?6u2-2020-1:"% [] A

Figure 24 — 12Cdetect
This shows all the available 12C busses on the Ultra96-V2. The one corresponding to the PMICs
is found based on the hardware connections in the schematic. The signals are called
‘PMIC_SCL' and ‘PMIC_SDA' and are connected to Channel 4 (SC/SD4) of the 12C Expander
U7, which is i2¢c-6 in Linux.

12C EXPANDER

+VOC_PSAUX

RTE oRIT oRTE  JRTS  SRED  JRE1  SRED  RE3
221K 322K $21K F221K 3220K 3221K 322K 3221K .-

3 sco vee 2l ”—H';D [
$D0 .

5C1
D1

9 ey
$C2  SCL == MIO4_1IC1_SCL » 3[2B]
SDI SDA = <_MIOS_I2C1_SDA » 3[2B]

8C3
SD3
m":- «| 1| gey
PMIC S D4

SCS RSTa = MIOIZ 13C MUX RESET N»3[2B]

TPa0———L2 D3 .
AQ (S—E0 - FVEC_PSAUX
23] sos Ay (2RO 4K
A3 sps  ax 1B R® A K

12[4B]<_USB57a4_SCL 5C7 =

12[4B]<_USBST44 SDA ___—————"— SDT GND =
PAD 1 GND
TCATSEARGE

s
R =
GRD

Figure 25 — PMIC on 12C Mux Channel 4
Page 27


https://www.element14.com/community/groups/power-management/blog/2017/10/11/benefits-of-power-system-telemetry-using-pmbus
https://www.element14.com/community/groups/power-management/blog/2017/10/11/benefits-of-power-system-telemetry-using-pmbus
https://www.element14.com/community/events/5588/l/pmbus-and-power-supply-telemetry
https://www.hackster.io/AlbertaBeef/monitoring-power-on-the-avnet-platforms-e52a23

2. To see what is specifically on i2c-6, enter i2cdetect

-r 6, and then enter ‘Y’ to

confirm. The addresses associated with the PMICs are shown below.

rootBultra?euv2-2A
WARNING* This pro
I will prohe file
-I will probe addr
Continue? [¥-nl ¥
1 B 1 2 3
13 1
u

rootBultra?euv?-20

20-1:"# i2cdetect —» 6
gram can confuse your [2C
sdevsi2c—6 using receive
ess range BxB3-8x77.

4 5 6 7 8 9 a b c
415 — — — — — —— —
U — — — — — —— —
268-1:"% []

bus, cause data loss and worse?
byte commands.

d e f

Figure 26 — PMICs on 12C-6

3. Read the telemetry from the PMICs by entering sensors in your terminal. The output
will scroll to the screen, which is copied below in sections.

rootlultra?6uZ-2028-1:"# sensors
irIgB6HA-

Adapter:
vin:
voutl:

templ =
poutl:
doutl:

iZ2c—6—-45
i2Zc—B—mux <chan_id 4>
12.25 ) {min = +HB.58 U, crit max = +24_6868 U>
.85 U <crit min = +4.88 U, min = +4.25 U
{max = +5.75 U, crit max = +6.H@ U>
+H8.8 C <high = +128.8 G, crit = +128.8 C>
3.7 1
237.88 mA <max = +5.58 A, crit max = +6.08 A>

Figure 27 — Telemetry from PMIC 0x15/45
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irpsh481-i2c—6-43

Adapter: iZc-—B@-—mux <chan_id 4>

vinl: L.A3 U0 (min = +4.12 U, crit max = +5.58

vina: 4,27 U0 (min = +4.12 UV, crit max = +5.58

vin3d: .86 U (min = +4.12 U, crit max = +5.58

vind: .88 0 {(min = +4.12 U, crit max = +5.58

vinh: 4. 95 U0 {min = +A.88 U, crit max = +6.68

voutl: 1.72 U {(crit min = +1.65 U, min = +1.78
(max = +1.98 U, crit max = +1.95

voutZ: 1.28 0 {(crit min = +1 .18 UV, min = +1.15
(max = +1.25 U, crit max = +1.38

voutd: 1.18 0 <{(crit min = +1.88 UV, min = +1.85
(max = +1.15 U, crit max = +1.28

voutd: 847.880 ml (crit min = +@B.65 UV, min = +A.74
(max = +@A.97 U, crit max = +1.88

vouth: 3.3 0 {(crit min = +2.48 U, min = +2.98
(max = +3.73 U, crit max = +4.14

templ: +6B.8 C <Chigh = +128.8 G, crit = +128.8 C>

temp2: +B.8 C c<high = +128.8 ¢, crit = +128.8 C>

tempd: +6B.8 C <Chigh = +128.8 G, crit = +128.8 C>

tempd: +B.8 C Chigh = +125.8 ¢, crit = +128.8 C>

temph: +6B.8 C <Chigh = +128.8 G, crit = +128.8 C>

pini: 62.504 mi!

pina: a.8a u

pin3: 23.75 mi!

pind: 156.25 nmil

pin5: 781.25 mW!

poutl: 62.58 mi/

pout: a.aa u

poutd: 23.75 nmW

poutd: 156.25 mi!

pouth: £15.62 nmW

iinl: 15.868 mA

iin2: a.88 n

iin3: 15.868 mA

iin4d: 31.88 mA

ioutl: 46.80 mA (max = +1.75% A, crit max = +2_.8A

ilout2: B.88 A <max = +1.91 A, crit max = +2.58

ioutd: 187 .80 mA (max = +3.71 A, crit max = +4_8A

iout4d: 283.880 mA <max = +4.75% A, crit max = +5.25

iouth: 157.80 mA (max = +A.72 A, crit max = +@.72

Figure 28 — Telemetry from PMIC 0x13/43

iio_hwmon—iza—HAE0EH

Adapter:
inl:
inZ:
ind:
in<:
in5:
inb =
in%:
in#:
in9:
inl@:
inll:
templ =
temps =

ISA adapter
1.2a U
1.8 U

853.880 ml
856.80 ml
1.8 U
1.8 U
842 .88 ml
8409.80 ml
851.880 ml
1.8 U
i.18 U
+53.6 C
+52. .7 C

Figure 29 — Telemetry from MPSoC Sysmon
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irpsh481-iZc—6—44

Adapter:
inil:
in2:
in3:
in4:
in5:

iZe—B-—mux (chan_id

L

4
.86 U <min = +4.12 U, crit
L.B6 U <min = +4.12 U, crit
.82 0 <min = +4.12 U, crit
LB U0 <min = +4.12 U, crit
4.26 U <min = +4.58 U, crit
1.88 U <crdit min = +1.65 U,
(max = +1.98 U, crit
847 6880 ml <crit min = +8.75% U,
(max = +@A.798 U, crit
3.3 0 <crdit min = +3.18 U,
(max = +3.45 U, crit
851880 m! <crit min = +8.75% U,
(max = +@A.798 U, crit
1.28 0 <crit min = +8.98 U,
(max = +1.35 U, crit
+£1.8 C c<high = +128.8 C, crit
+61.8 C <C<high = +128.8 G, crit
+£1.8 C c<high = +128.8 C, crit
+6B.8 C Chigh = +128.8 G, crit
+B.8 C c<high = +128.8 C, crit
312.580 nmW}
375.880 nmil
625.88 nil
687.580 nmil
148.62 nil
281 .25 nmW!
343.75 nmW
E93.75 nmi
656.25 nmil
31.25 nmi!
62.88 mA
78.80 mA
125.868 mA
132.68680 mA
187.880 mA <max = +1.97 A. crit
437.80 mA (max = +1.97 A. crit
171.880 mA <max = +3.91 A. crit
7?6.80 mA (max = +3.71 A. crit
22.880 mA <max = +8.72 A. crit

max
max
max
max
max
min
max
min
max
min
max
min
max
min
max

max
max
max
max
max

+5.58
+L.50
+5.58
+L.50
+5.58
+1 .78
+1.95
+A.80
+A.95
+3.15
+3.58
+A.80
+8.95
+1 @5
= +1.5A
+128.8 C)
+128.8 G
+128.8 C)
+128.8 G
+128.8 G

LI | (T | (| 1 ({1 1 Ay |
o C o o o C oo oo CC
S S R R N N N R N N N N

Figure 30 — Telemetry from PMIC 0x14/44
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As you can see the current, voltage, and temperature measurements are reported back..



14 PMIC Version Check and Update

Another capability that we have is to check the version of the programming inside the PMICs.
As described in the Ultra96-V2 PCN19003, there have been multiple releases of the PMIC
programming files. This is also described in this blog.

You can now check the version of your PMIC programming and update to the latest version if
you want.

WARNINGS!

The Infineon PMICs only have 26 programming locations. Each time the devices are
reprogrammed, another location is consumed. Use with caution!

If you accidentally program a device with the wrong file (like the 0x14 device with the 0x13 file or
vice versa), you WILL damage your board, and it will NOT be covered under warranty. You
must program the correct file to the correct device.

Permanent damage will occur otherwise.

14.1 PMIC Version Checking
1. Change directories to the location of the PMIC programmer and list the config files.

# cd ~/pmic-prog
# Is -1 pmic-configs/

rootlunltra?6v2-2020-1:"% cd “Apmic—prog/
rootBultra?ev2—-2020—1 " pmic—progit 1z —1 pmic—configs/

total 148

—ru—r—r—— 1 root root 728 Hov 4 18:20 U926U2_38868_8x15_ 198361 .txt
—ru—r—r— 1 root root 73444 Mov 4 18:268 U?6U2_5481_Bx13_191630.txt
—rw—r—r— 1 root root 73444 Mov 4 18:20 U%6U2_5401 Bx14 191838.txt
rootBultrateuvZ—-2020—1 " pmic—progl ]

Figure 31 — PMIC Config Files

The naming convention for the files is as follows.

<board>_<device>_<channel>_<datecode in YYMMDD>

<board> uoev?2
<device> 5401 or 38060
<channel> 0x13, 0x14, or 0x15

<datecode> 191030 = 2019, October 30
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6. To see the capabilities of the pmic_prog utility, access the help menu

# ./pmic_prog -help

Version: 1.0

Usage: pmic_prog [-h] COMMANDS
-h = display this help and exit

COMMANDS:
detect 12C_BUS to detect all the PMICs on an i2c bus
with:
12C_BUS the i2c bus number (decimal: 0-255)
Example:

" pmic_prog detect 6 " to detect all the PMICs on an i2c bus 6

read 12C_BUS CHIP_ADDR REG_ADDR to read a byte at a specific address
with:
12C_BUS the i2c bus number (decimal: 0-255)
CHIP_ADDR the chip address (hex: 0x00 - OxFF)
REG_ADDR the address of the register to read (hex: 0x0000 - OxFFFF)

Example:
" pmic_prog read 6 0x13 Ox069e "™ to read the byte at address 0x069e (loop A ot_fault_limit for
IRPS5401) of chip 0x13 on i2c bus 6

write 12C_BUS CHIP_ADDR REG_ADDR VALUE to write a byte at a specific address
with:
12C_BUS the i2c bus number (decimal: 0-255)
CHIP_ADDR the chip address (hex: 0x00 - OxFF)
REG_ADDR the address of the register to write (hex: 0x0000 - OxFFFF)
VALUE the byte to write (hex: 0x00 - OxFF)

Example:
" pmic_prog write 6 0x13 O0x069e Ox7F ' to write Ox7F at address 0x069e (loop A ot fault_ limit
for IRPS5401) of chip 0x13 on i2c bus 6

read-registers 12C_BUS CHIP_ADDR [-o0 OUTPUT_FILE] [-i INPUT_FILE] to read all the registers
with:
12C_BUS the i2c bus number (decimal: 0-255)
CHIP_ADDR the chip address (hex: 0x00 - OxFF)
-0 OUTPUT_FILE: Save the register values in the "OUTPUT_FILE" file (optional)
-1 INPUT_FILE: Check the register values from the given "INPUT_FILE®" file, and check the
differences (optional)

Example:
" pmic_prog read-registers 6 0x13 -o new_file.txt -i 0x13_Oct 0Ol.txt " to save the register
values in the Tfile T"new_file.txt"™ and check the differences with those in
"0x13_Oct_0l.txt".

program 12C_BUS CHIP_ADDR [-d] [-i INPUT_FILE] to write the registers and program the PMIC on the
first available USER slot
with:

12C_BUS the i2c bus number (decimal: 0-255)

CHIP_ADDR the chip address (hex: 0x00 - OxFF)

-d: dry-run The command will only check the number of USER slots available and write registers
if input file given (optional)

-i INPUT_FILE: write the registers from this config file (optional)

Example:
' pmic_prog program 6 0x13 -i 0x13_Oct 0Ol.txt " to program the PMIC with register values from
"0x13_Oct_0l.txt".
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Next use a basic ‘detect’ command to confirm we see the correct PMICs.
7. Enter the ‘detect’ command on 12C bus 6

# ./pmic_prog detect 6

PuutEultra?EuZ—ZEZB—i:NVﬁmic—ﬁruﬁﬂ Spmic_prog detect 6
Uerzion: 1.8

HARHIHG? Iszuing a wrong command can damage your system?
¥You are about to detect availahle PMICs on bus &
Continue? [ysN]1 v

i2c devices: Bx13 Bxl4 Bx15 @43 Bxdd Bxdbh

Found IRPS55481 at address Bx13 (PMBus address Bx43 >
Found IRP55481 at address Bx14 (PMBusz address Bxd4>
Found ITR38B6B at address Bx15 (PMBusz address = Bx45h)
rootPultra?6v2—2020-1:"/pmic—progh []

Figure 32 — PMICs Detected On 12C Bus 6

8. For the Rocky/5401 devices (0x13 and 0x14) a date code is stored at locations 0x2A
and 0x2B for each PMIC. You can see which revision you have by reading these two
registers. 0x2A has the day and 0x2B has the month of release.

# _/pmic_prog read 6 0x13 0x002A
# ./pmic_prog read 6 0x13 0x002B
# _/pmic_prog read 6 0x14 Ox002A
# _/pmic_prog read 6 0x14 0x002B

rootPultra?ev2-2020—1 :“spmic—proglt . pmic_prog read 6 Bx13 Bx0802A0
Uersion: 1.8

HARNING? Issuing a wrong command can damage your system?
You are about to read byte at address BxB82A on device Bx13 on i2c bus 6.
Continue? [ysN]l v

IRPS5401 successfully detected

Bx882n - Bx3A

rootBultra?ev2-2020—1 :"“spmic—proglt . pmic_prog read 6 Bx13 Bx@02B
Uersion: 1.8

HARNING? Issuing a wrong command can damage your system?

¥You are about to read hyte at address BxBBZB on device Bx13 on iZc bus 6.
Continue? [y/N1 v

IRP55401 successfully detected

BxABZE = Bx18
rootBultraf?6v2-2020—1 " pmic—progl []

Figure 33 — Example datecode October 30 for Device 0x13
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9. To perform a comparison against an existing configuration file, use the read-registers
command with an input file, as follows.

# _/pmic_prog read-registers 6 0x13 -i ./pmic-configs/U96V2_5401_ 0x13_191030.txt
# _/pmic_prog read-registers 6 0x14 -i ./pmic-configs/U96V2_5401_ 0x14 191030.txt

# _/pmic_prog read-registers 6 0Ox15 -i ./pmic-configs/U96V2_38060_0x15 190301.txt

rootBultra?6uv2—2020—1: " pmic—proglt . pmic_prog read-registers 6 Bx13 —i ./pmic—c
onfigs-U096U2_5481_BAx13_191838.txt
Uersion: 1.8

UHARNING! Iszsuing a wrong command can damage your system?
You are about to read all registers on device Bx13 on iZc bus 6.
Continue? [ys/H]1 v

IRPS54081 successfully detected

Current Datecode: OCI. 38

Input file Datecode: OCT. 38

The two datecodes are egual

Humber of differences bhetween current registers and input file: 8
rootBultra?6v2-2020—1 "~ /pmic—progl

Figure 34 — Compare PMIC Config to a File, 0x13 or 0x14

Since the Manhattan/38060 does not store a date code in the config, look specifically at the
number of differences to see if your programming matches.

rootBultra?b6u2—2020—1:~/pnic—prog# . pmic_prog read-registers 6 Bx15 —i ./pmic-c
onfigs/U096U2_38068_Ax15_1983081 . txt
Verszion: 1.8

UHARHIHG? Issuing a wrong command can damage your system?
¥You are abhout to read all registerz on device Bx15 on i2c bus 6.
Continue? [yrsH]l v

IR3886A successfully detected
Humber of differences between current registers and input file: @

Mo CRC errorsz detected
rootBultra?6uv2-2820-1: " pnic—progi

Figure 35 — Compare PMIC Config to a File, 0x15
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14.2 PMIC Reprogramming

If you are not using the latest PMIC programming files, then you may find your board does not
perform to its maximum potential. The included pmic_prog utility can also reprogram your
PMICs.

WARNINGS!

The Infineon PMICs only have 26 programming locations. Each time the devices are
reprogrammed, another location is consumed. Use with caution!

If you accidentally program a device with the wrong file (like the 0x14 device with the 0x13 file or
vice versa), you WILL damage your board, and it will NOT be covered under warranty. You
must program the correct file to the correct device.

Permanent damage will occur otherwise.

1. To reprogram the Ox13 device, enter the following command, making sure that the two
highlighted numbers match!

# ./pmic_prog program 6 0x13 -i ./pmic-configs/U96V2 5401 0x13 191030.txt

2. Enter 'y’ to confirm.

3. A second warning requires you to confirm again. This also tells you how many of the
USER memory slots you have consumed on your board. Read carefully, then enter 'y’ to
proceed.

IRP55401 successfully detected
USER MIP LEFT:
Mext USER zlot to use & ¢ 26 remaining slots >

UHARNING? Issuing a wrong command can damage your system?

You are about to program IRPS5481 with data from ' . /pmic—conf igs~U?26U2_5481 Hx13
_191838_txt’ on USER slot 6.

This operation cannot be undone?

Continue? [usH1 [] e

Figure 36 — Carefully Read, then Confirm to Proceed
4. The programming only takes a few seconds, after which you should receive the following
confirmation.

Programming SUCCEEDED
You can now reboot the board. and verify the programming with the read-registers

cmd
rootBultra?eu2-2020—1: "~ pmic—progi [] A

Figure 37 — Programming 0x13 Succeeded

If you will program another device, do not reboot yet.
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5. To reprogram the 0x14 device, enter the following command, making sure that the two
highlighted numbers match!

# ./pmic_prog program 6 0x14 -i ./pmic-configs/U96V2 5401 0x14 191030.txt

6. Follow the procedure as before.

The 0x15 / Manhattan / 38060 device programming has not been updated since the original
release of the board. Therefore, this one does not need to be reprogrammed.

7. You should now power cycle the board. Enter the ‘poweroff” command. After the board

has fully shut down (no LEDs other than Input Power), then turn the board back on by
pressing the ON switch (SW4).
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15 Power Off

When you are done experimenting with your Ultra96-V2 and wish to power off the board, there
are several ways to power off the board. You can do it from the command line with a ‘shutdown -
h now' command. However, we will have you take advantage of the on-board On/Off Controller
that interacts with the MPSoC Power Management Unit to initiate a controlled shutdown.

1. Press and release the Power button (SW4) located on the top side of your Ultra96-Vv2
next to USB port J8.

2. You will notice your board does not power down immediately. It will take roughly 10-20
seconds for your board to completely power down. The reason behind this is it is adhering
to the various power down sequencing requirements. See the message in the terminal
as shown.

rEuEEultra?EuE—EBEE—i:”7pmic—prugﬂ poveroff

The system is going down for suystem halt MOWtC(ttyPS@A>» (Sat Dec 17 B1:19:-168 28
IMNIT: Switching to runlevel: B
INIT: Sending processes the TERM signal

Figure 38 — Power Down Initiated Through Short Press of SW4

3. Please note, if you do not let your Ultra96-V2 power off as per the power down
sequencing requirements (such as unplugging the barrel jack), your microSD Card may
get corrupted or damaged.

4. To force poweroff of the Ultra96-V2, you can also press and hold SW4 for 10 seconds.
This is useful when the soft power-off doesn’'t work.
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16 Getting Help and Support

16.1 Avnet Support
The Ultra96-V2 is a versatile development kit that allows evaluation of the Zynq MPSoC, which

can help you adopt Zyng into your next design. All technical support is offered through
http://avnet.me/UltraS96 Forum. Ultra96-V2 users are encouraged to participate in the forums
and offer help to others when possible.

To access Ultra96-V2 collateral, please visit the community support page at:

http://avnet.me/ultra96-v2

To access the latest Ultra96-V2 documentation, click on the Technical Documents tab:

Technical Documents

Technical Documents

The Ultra96 V2 is now available Buy Now!

See Technical Specification

Product Brief

To access the latest reference designs for Ultra96-V2, click on the Reference Designs tab:

Reference Designs

Reference Design

Ultra96 Factory Image
[E) write the Ultra96-V2 FActory Image to microSD Card
Development Using Ubuntu Desktop Linux

These tuterials provide a means to integrate several different technologies on a single platform. Using the Avnet target boards, we have the
processors, combined with the unrivaled flexibility of Xilinx programmable logic to implement custom hardware systems. We use a Linux ke
operating system running on the processor cores which enables a very large ecosystem of software to be run on our development kits Virt
very convenient Ubuntu development environment for building the hardware platform and cross-compiling software to target the Processing

[E) virtualBox and Linux VM Installation Guide v2018.3

To access the Ultra96-V2 technical forums, go to http://avnet.me/UltraS6 Forum .

To view training and videos, go to http://avnet.me/TTC or http://avnet.me/TTC on Demand.
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16.2 Xilinx Support

For questions regarding products within the Product Entitlement Account, visit the Contact
Support site for Xilinx:

https://www.xilinx.com/support/service-portal/contact-support.html

For technical support including the installation and use of the product license file, contact Xilinx
Online Technical Support at www.xilinx.com/support. The following assistance resources are also
available on the website:

e Software, IP and documentation updates

e Access to technical support web tools

e Searchable answer database with over 4,000 solutions
e User forums
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17 Installing and Licensing Xilinx Software

17.1 Install Vivado Design Suite, Design Edition
The Zynq device on the Ultra96-V2 is supported in Vivado Design Suite, Design Edition. Version
2018.1 or later is required to use the board definition file provided on the Avnet GitHub.

You must license your Vivado Design Suite, Design Edition with the license that came with your
Ultra96-V2. To obtain your free license, visit the following website and insert the voucher code
from the certificate included in your Kit:

http://www.Xxilinx.com/getlicense

1. Login
2. Fill out information at Product Licensing - Name and Address Verification, then click
Next

3. Select your Account

XILINX.

Applications Products

Home : Support © Product Licensing

Product Licensing

Account: |Please select an account...
4. Enter your voucher code here, then click Redeem Now.

Create New Licenses Manage Licenses

Have a Voucher to Redeem? 7
= :l R O

enter voucher code Redeem Now
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5. At the confirmation screen, click Yes.

Confirm
P ) This voucher contains:
-

Qby. 1 of OEM Zyng ZU3 Ultra®6 Vivado Design
Edition Voucher pack

Do you want to redeem this voucher for account
Disti AVNET NA (DISTI AVNET NA)?

Figure 39 — Voucher Confirmation

6. Under Certificate Based Licenses, find OEM Zynq ZU3 Ultra96 Vivado Design Edition
Voucher pack and check the box. Now click Generate Node-Locked License.
Certificate Based Licenses

License Available Status Subscription End

Seats Date -

[F]™2EM Zyng ZU3 Ulira86 ivado Design Edition oucher pack Certificate - Full MNode 11 Current 23 May 2019

Figure 40 — Generate Node-Locked

Page 41



7. Create or select your Host ID. Click Next.

Generate Node License

Fields marked with an asterisk * are required.

I PRODUCT SELECTION
Seats End Date Seats Seats
Selentlnns
. DEM Zyng ZU3 Ulra...  Full 23 MAY 2019 1

2 SYSTEM INFORMATION

License Mode

Host 1D * 2 ENISHOMOOMBEZ24974 - Windows 64-bit - Disk - 4003dac8

3 COMMENTS

Comments ?

Figure 41 — Select Host Information
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8. Review the license request, then click Next again.

If a full seat of Vivado System or Design Edition has already been installed, then no further
software will be needed. Please check online for any updates at:

For detailed instructions on installing and licensing the Xilinx tools, please refer to the latest
version of Vivado Design Suite User Guide Release Notes, Installation, and Licensing
(UG973).
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18 Certification Disclaimer
Both CE and FCC certifications are necessary for system level products in those countries
governed by these regulatory bodies.

Because Avnet boards are intended for evaluation kits only and destined for professionals (you)
to be used solely at research and development facilities for such purposes, they are considered
exempt from the EU product directives and normally are not tested for CE or FCC compliance.

If you choose to use your board to transmit using an antenna, it is your responsibility to make
sure that you are in compliance with all laws for the country, frequency, and power levels in
which the device is used. Additionally, some countries regulate reception in certain frequency
bands. Again, it is the responsibility of the user to maintain compliance with all local laws and
regulations.

This board should be used in a controlled lab environment by professional developers for
prototype and development purposes only. The board included in the kit is not intended for
production use unless additional end product testing and certification is performed.

19 Safety Warnings

This product shall only be connected to an external power supply that is 96boards compliant.

Only compatible plug-in modules shall be connected to Ultra96-V2. The connection of incompatible devices
may affect compliance or result in damage to the unit and void the warranty.

This product shall be operated in a well-ventilated environment. If a case is used, it shall have adequate
ventilation.

20 RF Certification
The frequency range is 2.412GHz ~ 2.472GHz (2.4GHz ISM Band).

The radio is IEEE 802.11 b/g/n (1x1) compliant for up to 72 Mbps PHY rate

The ATWILC3000-MR110CA has regulatory approval in more than 75 countries around the
world. More information on RF certification for the Microchip ATWILC3000 module is available
here:
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