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1 Getting Started with PicoZed SDR Breakout Carrier

The PicoZed™ SDR Breakout Carrier Card is a simple prototyp
on-Modules (SOMSs), including PicoZed SDR 1x1 SOM (AES-Z7PZ-SDR1-G) with Z- 7020/AD9364 and
PicoZed SDR 2x2 SOM (AES-Z7PZ-SDR2-G) with Z-7035/AD9361.

The Breakout Carrier provides easy access to user I/O, Ethernet, USB, JTAG, and serial connections. Four
100-pin Micro Headers on the carrier card mate with the PicoZed SDR SOM, connecting the user I/O to 6
banks of 0Ohole tonnedior footprints. The Breakout Carrier generates the necessary power rails
for PicoZed SDR, providing 5V to the SOM plus user selectable bank voltages for the Zyng PL I/O. In
addition, the carrier provides multiple access points to supply external I/O bank voltages and measure
power consumption of the SOM.

Data acquisition is managed under Ubuntu Linux running on the dual ARM-9 processor within the Zynq
SoC, supporting fast data exchange over Ethernet to MATLAB® and Simulink®. Open source reference
design source code can be downloaded and reused in your design. Also included are the cables, power
supplies, and software required to use the kit immediately for software development and application
prototype. Supported by robust simulation and code generation tools that integrate seamlessly with Xilinx
Vivado® Design Suite, PicoZed SDR enables dramatic reduction in design cycles of your software-defined
radio products.

Figure 117 Avnet PicoZed SDR Breakout Carrier
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This Getting Started Guide will outline the steps to setup the PicoZed SDR Breakout Carrier, and perform
data acquisition for visualization of signals in the time and frequency domains.

2 What os I nside the Box?

PicoZed SDR Breakout Carrier (AES-PZSDRCC-BRK-G)
I PicoZed SDR Breakout Carrier

I 8GB Micro SD Card (programmed)

T 5.0V (2A) Power Supply

I Micro-USB Type B cable

i Ethernet Cable

I U.FL-to-U.FL RF loopback cable

I U.FL-to-SMA cables

T U.FL antennae - cellular 6-band

T (2) SMA antennae - cellular 5-band

T Quick Start Card

i Schematics, BOM, HDL, Linux drivers and application software
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3 What s on t he Web?

3.1

3.2

Official Documentation:
) Avallable on http://picozed.org/product/picozed-sdr-breakout-carrier

PicoZed SDR Breakout Carrier Getting Started Guide (this document)
PicoZed SDR Breakout Carrier Hardware User Guide

Schematics (PDF format)

Bill of materials

Analog Devices AD9361 and AD9364 Integrated RF Agile Transceiver Design Resources
http://www.analog.com/en/design-center/landing-pages/001/ad9361-ad9364-integ-rf-agile-

transceiver-design-res.html

Tutorials and Reference Designs:
Analog Devices HDL Reference Designs
https://github.com/analogdevicesinc/hdl

Analog Devices Reference Designs HDL User Guide
http://wiki.analog.com/resources/fpga/docs/hdl

AD9361 RF Transceiver and Support Ecosystem
http://www.analog.com/en/education/education-library/videos/2753072929001. html
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4 PicoZed SDR Breakout Carrier i Key Features
T 10/100/1000 Mbps Ethernet

i USB2.00TG

T USB-UART

T PC4 JTAG interface

T 162 User I/O pins

i Two60-pin (2x30) O0.1" footprints
i Four32pin (2x16) 0.1" footprints
4 user push buttons

4 user switches

4 user LEDs

5V @ 2A input

Select 1.8V, 2.5V, or 3.3V for SOM I/O or insert an external supply
Measure Zynq PL I/O bank current with convenient access points

SOM AD936x > 4 GPO
162 User I/0*  |* i 5 UsB2.0
Micro Type B
4 LEDs .- Gigabhit
" | Ethernet RJ45
SOM SOM
Zyng PL || Zyng PS
4 Buttons < > } USB2.0
USB-UART | MicroTypeB
4 Switches —
-— EEPROM
PCAJIAG. ¢ i Monitor (120
Zyng MGT I
Fan Plug <« i Zyng 1/0 3, | Voitage Regulation
—O"D—/— i —
« (configurable) Power
System 5V Input
* Number of carrier pins 4 Micro Headers
avdilable for SOM user I/0 Connect to SOM

Figure 21 PicoZed SDR Breakout Carrier with SOM 1 Simplified Block Diagram
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5 PicoZed SDR Breakout Carrier Getting Started Design

The Getting Started design implements the data interfaces to/from the AD936x RF transceiver through
which baseband signals are mixed to RF for over-the-air loopback from transmitter to receiver. It provides
visualization of time and frequency domains in Analog Devices 110 Oscilloscope, a Linux user-space
application running on the processing system of the Zynq SoC. Data path and control signals between the
AD9361 and Zyng SoC are shown below.

AD9361
7OMH2 to 6GHz 2x2 RF
200KH2 to S6MHz BW

12-bit@122.88MSPS ADC/DAC

Figure 31 PicoZed SDR AD9361 HDL Reference Design

The following section wildl gui de vy ounoh the Bicodeth SDRuNnNi ng
Breakout Carrier with either PicoZed SDR 1x1 SOM or 2x2 SOM, from pre-compiled configuration files
included on the SD card that ships with the kit. Alternatively, for detailed instructions on re-building the
design in the form of a complete Vivado project, see Appendix A: Building the PicoZed SDR Getting Started

Design.
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6 PicoZed SDR Breakout Carrier T Setup and Operation

An image of the PicoZed SDR Breakout Carrier in its expected out-of-box configuration is shown below
with PicoZed SDR 2x2 SOM (AES-Z7PZ-SDR2-G). The Breakout Carrier is also fully compatible with
PicoZed SDR 1x1 SOM (AES-Z7PZ-SDR1-G) featuring Z-7020/AD9364.

to antennae — -9
USB UART < s s (SSEEEESNEEENEEEREEeesettneeeses

<4 - To PC

Ethernet i

SD Card

Boot Mode Select

Figure 471 PicoZed SDR Breakout Carrier with PicoZed SDR 2x2 SOM

6.1 Hardware Setup
1. Assemble the Breakout Carrier as shown above, with either PicoZed SDR 1x1 or 2x2 SOM.
2. Attach the antenna to PicoZed SDR using the included U.FL-to-SMA cables.

3. Provide an internet connection by attaching the Ethernet cable between the Ethernet RJ45
connector on the carrier and either a direct connection to the PC, or a networked router with
DHCP server.

4. Remove the micro SD card from the PicoZed SDR SOM.
5. Connect the 5V power supply.

DO NOT APPLY POWER YET!
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A functional block diagram of the system is shown below.

,_'"!j‘*‘;,[c

oded SDR

soffwoie dalised rodic

ZYNQ

l'n'-*LIsrar-s pace

applications
Programmable Logic

LINUX drivers ™=

J

A Xl Interconnect

Inta

4

DAC

> L2 ey ———

Figure 51 System Block Diagram

6.2 Demo Setup

1. Insert the included micro SD Card into a laptop or PC.

2. For PicoZed SDR 2x2 SOM with Z-7035 / AD9361 (AES-Z7PZ-SDR2-G)
T Navigate to SD card folder named zynq-picozed-sdr2-brk
For PicoZed SDR 1x1 SOM with Z-7020 / AD9364 (AES-Z7PZ-SDR1-G)
T Navigate to SD card folder named zynqg-picozed-sdr1-brk

3. Copy files BOOT.BIN and devicetree.dtb into the SD card root directory.

4. Safely eject the microSD card and insert into the PicoZed SDR carrier.
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6.3

Running the Design
PicoZed SDR Breakout Carrier card does not include an HDMI video output. In this case, the 110
Oscilloscope network application will run on the PC and connect to the board over TCP/IP, either
through a direct connection using hard IP address or connected to a router with DHCP.

1. Apply power to PicoZed SDR Breakout Carrier. After a few seconds, you should see the blue
DONE LED illuminate.

2. Aterminal program may be used to verify and / or set the IP address of the board through the
UART IP in the FPGA design. Windows 7 does not come pre-installed with a terminal
program. Tera Term was used in this example which can be downloaded from the Tera Term
project on the SourceForge Japan page:
terminal program of your choice.

3. Onthe PC, open a serial terminal program. Tera Term is used to show the example output
for this lab document. Follow the instructions in the CP210x Setup Guide to set the terminal
as shown in, using the higher PC COM port humber that you discover on your own machine.

Install Tera Term or another

-

Tera Term: Senial port setup

E5)

| Cancel |

Port: CcoMA  ~
Baud rate: 115200 -
Data: ‘I?.ht—v|
Parity: nunt:—v
Stop:

Flow control: none -

Transmit delay

0 msecichar 0

1 bit = Help

msecfline

4. Atthe Linux command line in Tera Term run the ADI Update Tools utility to get the latest

version of ADI Linux applications. (The password f o r

sudo ad _update tod s. sh
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http://ttssh2.sourceforge.jp/

At the Linux command line in Tera Term run the ADI Update Boot utility to get the latest
version of Zynq boot files.

sudo ad _update_boot.sh
At the command line reboot PicoZed SDR.

sudo reboot

At this point the user may choose to connect the PC to the board either through a direct
connection using hard IP address or connected to a router with DHCP.

Direct Ethernet connection with hard IP address

a. Before setting a hard Ethernet IP address on the SOM the Linux NetworkManager
daemon must be halted with the following command:

st op net wor k- manager
b. Next you may verify the IP address of the SOM with the following command:
Ifconfig

c. Windows Start - Control Panel — Network and Sharing Center —
Change adapter Settings - TCP/IPv4

-
4 Local Area Connection Properties ﬂ

™

Metworking | Sharing

Connect using:

‘i-." Irtel{R) 82575LM Gigabit Metwork Connection

This connection uses the following tems:

4B \itualBox Bridged Networking Driver [
SGSCD AnyConnect Metwor Access Manager Fiter Driv
4Bl 005 Packet Scheduler

.@ File and Prirter Sharing for Microsoft Networs 3

i Intemet Protocol Version 6 (TCP/IPvE)

) niemet Protocol Version 4 (TCP/IPv4) | i
<. Link-Layer Topology Discovery Mapper /0 Driver E
1| 1 | 3
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d. Seta hard IP address on the same subnet as PicoZed SDR SOM. For example, if the
IP address of PicoZed SDR SOM as reported byifconfi gwas 192 168 1 100, you
may set the PC IP address to 192 168 1 xyz,wherex y z |. 100

-

Internet Protocel Version 4 (TCP/IPv4) Properties l 2 -

General |

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(") Obtain an IP address automatically
i@ Uge the following IP address:

IP address: 192 . 168 . 1 . 101
Subnet mask: P55, 255,255, 0
Default gateway:

Figure 71 Hard IP address on Windows PC
Ethernet connection to DHCP router

7. If the Ethernet connection to the board is through a router with DHCP, you may repeat the

above steps, omitting step a).
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8. Launch the ADI IIO Oscilloscope application from your Windows PC.

Figure 81 ADI IIO Oscilloscope

9. Open the 11O Devices tab by selecting the ADI 11O Oscilloscope Settings tab, then click

Connect. Enter the IP address assigned to PicoZed SDR into the IP address field. Click
Refresh and then click OK.

110 Devices

Installed/Found 11O devices on this platform
110 Devices to connect to

Local Devices

@® Remote Devices (network)

IP addr:port 192.168.1.100

FRU Info

No FRU informationin /sys/devices/fpga-axi.4/41600000.i2¢/i2¢-0/i2c-6/6-0050/eeprom
No FRU informationin /sys/devices/fpga-axi.4/41600000.i2c/i2c-0/i2c-6/6-0054/eeprom

110 Devices
ad9523-1
axi-ad9144-hpc
axi-ad9680-hpc

Refresh Cancel OK
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10. Select File -~ New Plot to launch an ADI 110 Oscilloscope window.
11. Configure the following parameters in 110 Oscilloscope
a. FMComms2/ 3/ 4 tab - Control s
i. SetRXand TX LO Frequency =< 70 MHz < LO <6 GHz >

i. IMPORTANT: ensure that TX and RX LO frequencies match

iii. All other settings default
b. Capture window

i. Acti vat e c¢ hann-dectthéotherichamngl® 0' , de
i. Plot type: ‘Frequency Domain’
iii. FFT Average: 5
iv. Click ‘capture’ (triangle icon)
e Seings Hep
Debug & [owne pracomms234 & | FMComms2/3/4/5 Advanced &
Controls {Bbdoiogum.‘ o —
%IIMI“R«MOﬂb— —
RF Bandwidth{MHz): Ssmpling Rate (MSPS/C RX LO Frequency(MHz),  RF Port Select Fastiock Profile
|| (18000 % 130720000 4. 2400.000000 Sasaances  [+]lo ER
J Store | Recall
| Hardware Gain{dB): 14.00 = Hardware Gain(dB): 12.00 f
RSSI(dB): 36.75 dB RSSI(dB): 36.75 dB |
'l Gain Controk slow_sttack Gain Controk slow_sttack s

Gain Control Modes: | slow_attack E] Gain Control Modes: slow_attack B

:l m /AD9364 T it Chain-

18.000 % 30720000 <, 2400.000000 2 A

™1 T 2
[ Attenuation(dB): 1000 = I Attenuation{dB): 1000 =
RSSI{dB): 0.00 dB RSSHdB): 0.00 d8

[T kv srn

RF Bandwidth{MHz):  Ssmpling Rate (MSPS}? TX LO Frequency(MHz): \RF Port Select  Fastlock Profile:

=l .
(store | Recan]

Figure 91 Setting parameters in 1O Oscilloscope
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122.Now c¢click on the “Capture” button at the t
each time you make a change to stop then restart the capture.
'H ADE 11O Oscilloscope - Capturel )

Fde Edit VYiew
Plot Channels

voltaged

Plot Type

FFT Sae
FFT Average: b
PWR Offset: 0.00
Info
Markers | Devices

No markers active

ANALOG
DEVICES

lg* ’\ -\ “.-\ m 'b'_" /. Auto scale [¥| Showgnd Y Max Y Min
+0 le « 100 - ) « 200 ) « 180 « 150 « 400

|

'?"* Wity l"'M'*"']'“ s " i '\u"’ (Ir oA

This completes the Getting Started design for PicoZed SDR SOM on Breakout Carrier card.
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6.4 Troubleshooting

1.

If the system fails to boot to desktop Linux it may be useful to monitor the Linux boot process
within the Zynq processing system through the serial port. Windows 7 does not come pre-
installed with a terminal program. Tera Term was used in this example which can be
downloaded from the Tera Term project on the SourceForge Japan page:
ttssh2.sourceforge.|p Install Tera Term or another terminal program of your choice.

On the PC, open a serial terminal program. Tera Term is used to show the example output
for this lab document. You may need to specify a PC COM port number that you discover on
your own machine.

Tera Term: Senal port setup I&
Port: COMA - oK
Baud rate: 115200 -
Data: 8 bit - Cancel
Flow control;
Transmit delay
0 msecichar 0 msecfline

Figure 1117 Connect Tera Term to the proper COMx port

In the terminal window Linux will boot on the ARM Cortex A9 and the DHCP server within the
router should assign an IP address. At the login prompt, login asr oot with password anal og
and typeif confi g. Note the IP address.

Report issues to http://picozed.org/forums/picozed-sdr-software-defined-radio
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7 Live data streaming to MATLAB and Simulink

PicoZed SDR is supported within ComPackage oraXtinx®@2Zymsq®-Sy st e m
Based Radio from MathWorks. With the support package, you can use PicoZed SDR as a standalone

peripheral for live RF data I/O to Simulink models, also known as radio-in-the-loop. When paired with HDL

Coder ™, ¢ ust orithinzrenninglorethed&PGAdmardware using HDL code generation and Vivado

project creation.

4\ MathWorks

Figure 121 Radio-in-the-Loop / live data streaming to MATLAB and Simulink

NOTE: PicoZed SDR Development Kit ships with

an SD card containing HDL and Linux image from

Analog Devices. For data streaming to MATLAB

and Simulink you must re-image a fresh SD card
http://www.mathworks.com/help/supportpkg/xilinxzyngbasedradio/index.html
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8 Getting Help and Support

8.1

8.2

Avnet Support
PicoZed SDR Breakout Carrier home page
http://picozed.org/product/picozed-sdr-breakout-carrier

To access the latest documentation, click on the Support Files & Downloads link.

PicoZed SDR Development Kit home page
http://picozed.org/product/picozed-sdr-som-development-kit

PicoZed SDR support forum
http://picozed.org/forums/picozed-sdr-software-defined-radio

Analog Devices Support

Analog Devices AD9361 and AD9364 Integrated RF Agile Transceiver Design Resources
http://www.analog.com/en/design-center/landing-pages/001/ad9361-ad9364-integ-rf-agile-
transceiver-design-res.htmi

Analog Devices FPGA Reference Designs Support Community on EngineerZone:
http://ez.analog.com/community/fpga

Analog Devices Reference Designs HDL User Guide
http://wiki.analog.com/resources/fpga/docs/hdl

Analog Devices SD card image for Zyng SoC (Appendix B: Restoring the SD Card image)
https://wiki.analog.com/resources/tools-software/linux-software/zyng_images
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8.3

Xilinx Support
For questions regarding Xilinx Zynq SoC, send an e-mail message to the Customer Service
Representative in your region:

Canada, USA and South America — isscs cases@xilinx.com

Europe, Middle East, and Africa — eucases@xilinx.com

Asia Pacific including Japan — apaccase@xilinx.com

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:

Software, IP and documentation updates
Access to technical support web tools
Searchable answer database with over 4,000 solutions

.
i
.
i User forums
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9 Appendix A: Building the PicoZed SDR Getting Started Design

NOTE: The ' Getting Started’ design is based on the
Analog Devices. To manage dependencies in the build process for Vivado projects,

Analog Devices provides makefiles for use with the Linux-based ' make’ ut il ity. I
recommendedthat Wi ndows wusers build Vivado prjojects usin
Instructions to install a minimal version of CYGWIN that will provide a Linux-like
environment under Windows are available here:

https://avnet.egnyte.com/dl/zZP4vbChzM

For a complete description of the methodology used to build Analog Devices reference
designs for Xilinx platforms, it is recommended to review the ADI Reference Designs
HDL User Guide. http://wiki.analog.com/resources/fpga/docs/hdl

1. From a web browser go to htips://github.com/analogdevicesinc/hdl/releases
2. Select a code release. Vivado versions supported in each release are documented in the

README.md file of each branch. Download as ZIP file, or clone the GIT repository. (The following
instructions assume you chose to download the ZIP file.)

et hdl 2015 r2 Select a release
) mm Czomi released t b
o -
Change log:

1. The supported tools version for this release are :
¢ Vivado 2015.2.1
¢ Quartus 15.1
2. Library changes :
o AXI_JESD_GT core has changed to support per lane control 1o allow asymmetrical transmit and
receive lane sharing.

© ALL core parameter names made consistent and follow the new naming convention

Added DAC FIFO, this core allows to store custom DAC samples from memory, and play back at
full rate

Downloads

B source code (z p
Download ZIP or clone

-
@) source code (tar.gz

Figure 1371 Analog Devices HDL GIT Repository

Page 21


https://avnet.egnyte.com/dl/zZP4vbChzM
http://wiki.analog.com/resources/fpga/docs/hdl
https://github.com/analogdevicesinc/hdl/releases
https://github.com/analogdevicesinc/hdl/blob/master/README.md

3. Extract the archive to a convenient folder. The following instructions assume you chose to download
release hdl-2015 r2 and extract to C:\.

Name Open

Extract files...

Extract Here

Extract to hdl-hdl_2015]
Edit with Notepad++

. des
} hdl-20152 €——-—--—-
. Intel

. MATLAB

. Users

B i o @

Git Init Here

. Windows Git Bash

Xilinx Open with >

i, hdl-2015_r2 TortoiseGit X

T X

Scan with Malwarebytes Anti-Malware

Restore previous versions
Send to >

Cut
Copy

Create shortcut
Delete

Rename

Properties

Figure 14 -- Extracting Analog Devices HDL Code Release

4. Open a Cygwin terminal from the start menu by selecting:
Start Menu => All Programs => Cygwin => Cygwin64 Terminal

- Cygwin
. E cygwintd Terminal _
- Cygwin-X
(>< User script
<>( JMin Server

Figure 157 Start Cygwin64 Terminal
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5, Enter commands as shown bel oMWivadoprojecufor PicbZed 8DR1x1 Get t i ng ¢
SOM on Breakout Carrier.

cd C/hd-2015 r2
make pzsdr 1 ccbrk

= -bash | = | & |ﬁr

1> make pzsdrl.ccbrk

6. You may open the project in the Vivado GUI when the build process is complete.

-

# Open Project

Loak in: ccbrk - ;i ’_,h =l m e _.} >(
il Recent Directaries
“'I'_"_f*“ ccbrk_pzsdr.cache C:/hdl-2016_r 1/projects/pzsdr focbrk
Recent Items ccbrk_pzsdr.hw
. . File Preview
cchbrk_pzsdrip_user_files
! cchrk_pzsdrruns Fi_IE: cehrk_pzsdr,xpr .
Deskto brk dr.sdk Directory: C;/hdl-2016_r1/projectsfpzsdr fcchrk
P cebrk_predrns Created: Monday 08/01/16 08:55 PM
= ccbrk_pzsdr.sim Accessed: Today at 11:29 AM
- ccl::lrk_pzsdr._srcs Modified: Today at 11:29 aM
My Documents : Size: 14,1 KB
Type: Vivado project
" L Version: Vivado v2015.4.2
B Owner: AMER 027325
Computer
l- . 9 File name: ccbrk_pzsdr.xpr
- Files of type: : : :
Network typ Vivado Project Files {.xpr)
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10 Appendix B: Restoring the SD Card image
During the course of development, should the 8 GB SD card become corrupted or otherwise need to be
updated, the directions below will restore the system to the latest version.

Instructions are provided for both Linux and Windows hosts.

T If you wish to completely overwrite the SD card, you may download the latest image
https://wiki.analog.com/resources/tools-software/linux-software/zyng_images

NOTE: These steps will overwrite the contents of the SD card,
so be certain that there is no existing data that needs to be
retrieved from the SD card prior to following these steps.

Download Linux Image

The BOLD is what you should type. It's not too much more than W Special Agent Oso's three special steps, and it also allows you to go for that
specialty coffee you have been craving

For different platforms you'll need different images. Currently we provide a single pre-build images, that can work on all the platforms we support

« 26 July 2016 release (2015_R2)
’ « @ Actual file
— « Checksum 2015_R2-2016_07_26.img.XZ 1520D974FBAADA6107B4C41606C40264

« Checksum 2015_R2-2016_07_26.img E@D57481@1D476FCAS07C2REEFO3E788

T Otherwise, you may simply run the update scripts at the command line of PicoZed SDR:
https://wiki.analog.com/resources/tools-software/linux-software/zyng_images#staying_up_to_date

T As afinal step before replacing the SD card into PicoZed SDR SOM, make sure to copy the contents
of6 z y-p epzed-sdrV2-br Kofiler to the BOOT partition of the SD card. PicoZed SDR is now fully
updated and ready to re-boot.
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