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Introduction

This tutorial serves as an introduction to the Avnet Zyng® UltraScale+™ RFSoC Development Kit with
Qorvo RF Front End. Using the Avnet RFSoC Explorer® graphical user-interface in MATLAB, you will
control the ZCU111 development board, generate and acquire signals through the Qorvo front-end card.

Avnet RFSoC Development Kit Overview

The Avnet Zynq UltraScale+ RFSoC Development Kit with Qorvo RF Front End enables system
architects to explore the entire signal chain from antenna to digital using tools from MathWorks and
industry-leading RF components from Qorvo. We extend the functionality of the Xilinx Zyng UltraScale+
RFSoC ZCU111 Evaluation Kit by adding the Qorvo 2-Channel RF Front-end 1.8 GHz Card, plus native
connection to MATLAB® & Simulink® with Avnet's RFSoC Explorer® application.

Please consult www.avnet.com/rfsockit or contact your local Avnet FAE for further details.

IN\VNET 2-Channel RF Front End

1.8 GHz FDD
RFSoC Explorer for MATLAB & Simulink

Qorvo

Command Window

Opening Avnet RFSoC Explorer...
Checking version compatibility...
> MATLAB version is compatible

& XILINX. ™
Zynq UltraScale+ RFSoC
Connecting to target @ 192.168.3.42 ZCU111 EValuatiOn Kit

Jfx >> rfsocX.ReadADC Buffer (tileID, chanID, nSamples)

> Found Communications Toolbox Support Package for Xilinx Zyng-Bag

Starting application...

Figure 1 - Avnet Zynq UltraScale+ RFSoC Development Kit with Qorvo RF Front End
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Regulatory Compliance Information

DISCLAIMER: This tutorial is provided for reference/educational purposes only and may not reflect
results observed with other test equipment.

REGULATORY COMPLIANCE INFORMATION

FCC WARNING
This kit is designed to allow:

(1) Product developers to evaluate electronic components, circuitry, or software associated with the kit to
determine whether to incorporate such items in a finished product and

(2) Software developers to write software applications for use with the end product.

This kit is not a finished product and when assembled may not be resold or otherwise marketed unless all required
FCC equipment authorizations are first obtained. Operation is subject to the condition that this product not cause
harmful interference to licensed radio stations and that this product accept harmful interference. Use of the kit
should be limited to a development lab environment only.

CE WARNING

This evaluation kit is for use by professionals for their research and development purposes. The kit may not be
put into service for use on a regular basis, or integrated into an end product (Annex 1.4 of the RED). This kit is does
not bare the CE mark of certification. As such, this kit may be operated only within the requirements of RED
section 1.6.2.5, Custom-built evaluation kits.
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Objectives

This tutorial is intended to help you:

e Gain familiarity with the Avnet RFSoC Development Kit with Qorvo RF Front End

o Use the Avnet RFSoC Explorer GUI to control the hardware, generate and acquire signals into
MATLAB through the RF signal chains of the Qorvo card

o Explore the Avnet RFSoC Explorer user API for automated scripting and interface to MATLAB

Requirements
Laptop or PC with the following software installed:

e MATLAB

o

o

o

DSP System Toolbox

Fixed-Point Designer

Communications Toolbox

Communications Toolbox Support Package for Xilinx Zyng-Based Radio
Signal Processing Toolbox

LTE Toolbox (optional)

5G Toolbox (optional)

Avnet Zynq UltraScale+ RFSoC Development Kit with Qorvo RF Front End

USB cable (Type A to Micro-USB Type B)

CATS5 Ethernet cable

Xilinx Vivado software is not required.
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Tools Setup
RFSoC Explorer installs easily in the MATLAB APPS tab without modifying your registry or other applications.
1. From MATLAB -> Add-Ons, search for Avnet RFSoC Explorer and click install.

2. From MATLAB -> Add-Ons, search for Communications Toolbox Support Package for
Xilinx Zyng-Based Radio and click install.

» After installation of this toolbox click Setup Later if prompted.

ﬁ% @ (% Community
=
Help = Request Support
~ 5] Learn MATLAB

4\ Add-On Explorer &3 Get Add-Ons _

g‘:’g Manage Add-Ons

Clear Filters  x | zynq radio X
E Package Toolbox -
Filter by Source Package App
MathWorks
. ﬁ Get Hardware Support Packages
Community Communications Toolbox Support Package for Xilinx Zyng-Based Radio by Mathworks 4
. Communications Toolbox Team _
Filter by Category 145 Downloads
Updated 21 Oct 2019

Applications Design and prototype SDR systems using Xilinx Zyng-based radio
Design and verify practical SDR systems using Communications System Toolbox™ Support Package for Xilinx” Zyng®-

Signal Processing and
Based Radio With the support package, you can use a Xilinx Zyng FPGA board with an RF

Wireless
Communications Hardware Support

Usina Simulink

RFSoC Development Kit Getting Started Guide Page 6



Hardware Setup

The Avnet RFSoC Development Kit includes the Xilinx Zynq ZCU111 Evaluation Kit. There are many
jumpers and switches on the board, shipped with default states, which do not need to change for this
tutorial. In the following steps we describe the minimal configuration. For a comprehensive setup guide,
refer to the online ZCU111 Xilinx Wiki (ZCU111 RFSoC RF Data Converter Evaluation Tool Getting

Started Guide).

1. Setthe ZCU111 DIP switches (SW6) as shown in the figure below, which allows the ZCU111
board to boot from the SD card.

Figure 2 - ZCU111 SD boot switch settings

2. Remove the SD card from the ZCU111 and insert into your PC. Use an SD formatter tool format
the card as FAT, https://www.sdcard.org/downloads/formatter_4/

B sD Card Formatter X |
File Help
Select card
D:\ ~
Refresh
Card information
Type SDHC s;
Capadity 14.84GB

Formatting options
(® Quick format

O Overwrite format
CHS format size adjustment

Volume label
\zcu111 ‘

Format

SD Logo, SDHC Logo and SDXC Logo are trademarks of SD-3C, LLC.

Figure 3 - SD card formatter

3. Use one of the links below to download the SD boot image archive.

Avnet RFSoC Explorer v1.1.0 and earlier - [3 avnet rfsocX zculll boot 20182 vi 0.zip

Avnet RFSoC Explorer v2.0.0 and later - [3 avnet rfsocX zculll boot 20183 v2 0.zip
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https://xilinx-wiki.atlassian.net/wiki/spaces/A/pages/57606309/ZCU111+RFSoC+RF+Data+Converter+Evaluation+Tool+Getting+Started+Guide
https://www.sdcard.org/downloads/formatter_4/
https://avtinc.sharepoint.com/:u:/t/ET-Downloads/EVQ79pbEpx1Muc5zbSW2ZiEB8F6gnPsRbkTd5PPG-bXdpA?e=VmqYYj
https://avtinc.sharepoint.com/:u:/t/ET-Downloads/EfcPVTpYxDZPnQwIPpRZx_sBzykoAYtQaZF_Og_mMoyn4g?e=EPBe2a

avnet_rfsocX_zcu111_boot_v1_0.zip

Hmm... looks like this file doesn't have a preview we can show you.
m Download —

Figure 4 - SD Card Download

This archive contains the software for the ZCU111 evaluation board.
Unzip the archive to a convenient location on your hard disk, then copy the files to the root level
of the SD card. Safely eject the SD card from the PC and replace into ZCU111.

BOOT (E)

Mame

[E] autostart.ch
| | BOOT.BIN

| | image.ub

Figure 5 - SD Card Root Directory with Boot Files

4. To enable your PC to make a serial connection to the ZCU111 USB-UART, you must install the
Silicon Labs CP210x USB to UART Bridge VCP Drivers. For step-by-step instructions see
Appendix A: Installation of USB UART Driver.

5. Connect the Qorvo RF card, ZCU111, antennae, and cables as shown in Figure 6. Although no
over-the-air transmission and reception is involved in this tutorial, the antennae provide
convenient 50-Ohm termination to the PA.%

1 Qur original Qorvo 2-Channel RF Front-end 1.8 GHz Card (AES-LPA-QRF1800-G) is designed for small
cell LTE Band-3 applications in FDD mode. Transmission for both channels in the downlink is centered at
1842 MHz; reception in the uplink at 1747 MHz. A later version of the Qorvo card (AES-LPA-QRF1800-RVS-
G) is configured with channel 1 TX @ 1842.5MHz and RX @ 1747.5MHz; channel 2 TX @ 1747.5MHz, RX
@ 1842.5MHz. This allows over-the-air loopback between channels. This tutorial uses the on-board TX
observation path, therefore either version of the Qorvo card may be used.
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https://www.silabs.com/products/development-tools/software/usb-to-uart-bridge-vcp-drivers

6. Plug Ethernet and USB cables into your host PC

Zynq UltraScale+ RFSoC ZCU111 Evaluation Kit
Xilinx OEM kit including XM500, Filters, Cables, etc.

Ethernet ‘

USB
12V Power

Qorvo RF Front End
2-Channel 1800MHz FDD LTE Band 3

Figure 6 — Qorvo card mounted on ZCU111

For a comprehensive description of the functionality of the RF front-end, see Qorvo 2-Channel RF Front-end
1.8 GHz Card Hardware User Guide at www.avnet.com/rfsockit
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ZCUTI =~

Gigabit Ethernet

(2vNg
( 'd £ Channel 1 Channel 2 \
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= ﬂm VT'
Observation ! i
PS PL *@ i @ | %
i ; i x
Uplink |
o 3 Control : : : QOP\’O)J
el I
o > J/

Figure 7 - Block diagram of Avnet RFSoC Development Kit

Booting ZCU111

1. Turn the ZCU111 power switch ON (near the 12V connector)

From your PC launch a terminal program with 115200/8/n/1/n settings. For the example output shown
here, Tera Term was used. For information on setting up Tera Term to use with the ZCU111 USB-
UART port, see Appendix A: Installation of USB UART Driver.

Tera Term: Serial port setup

Transmit delay
0

msecichar

Port: COM8 v oK
Data: 8 bit v Cancel
Parity: none v

Stop bits: 1 bit v Help
Flow control: none v

0 mseciline

2. You should observe terminal output from U-Boot and then Linux output appear in the Tera Term
window. After the final boot message ‘Server Init Done’, press enter to generate a carriage
return and command-line prompt from ZCU111.

RFSoC Development Kit Getting Started Guide
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al COMS - Tera Term VT — O >

EFile Edit 5etup Control Window Help
forking to background

tarting Dropbear SSH server: Generating key, this may
ublic key portion is:

ssh—rsa AAAAB3INzaClyc2EARAADAQABAAABAQCi?926 K20ugl4lfl=
HEKUo DxxuxSKsgUBgYSU j6Q731UnGe? /ARL pKF1 79kt HizgBBNUG?Z/
RuBHuES jn7h58mpu2 yJAmUT ySEo?Uruf BoyluFQE?Ji8JJZxDAKWinG
wrA18DhubbkguB7ExugDnR5tUNt2CdA26QdtWs4PG0xo I BY iB640TF
wTSh?FDd22oWApmLKcZZujExaKbhxSwQ93aJPtf AT zu+gFkMEp=SJoQ
2018_2

Fingerprint: md5 85:42:a9:a4:73:55:dc:b1:d9:5h:82:8d:b
drophear.

Starting syslogd-klogd: done

Starting tcf-agent: OK

Link encap:Ethernet HUWaddr 88:8A:35:80:22:8
ethd® exists
rootBxilinx—zculll-2018_2:"H# LMZ configured
LM2 configured
LM2 configured
starting server...
starting data server...
Server Init Done

rootBPxilinx—zculll-26818_2:"§

Ethernet TCP/IP Connection to ZCU111

Upon booting to Linux the ZCU111 Ethernet port should have an IP address. Discover it by running the
ifconfig command.

1 COMS - Tera Term VT — [
File Edit Setup Control Window Help

rootBxilinx—zculll-2618_2:"# ifconfig
ethd Link encap:Ethernet HUaddr B8:PA:-35:80:22:01
inet addr:192.168.0.185 Bcast:192.168.0.255 Mask:255.255.255.8
inetb addr: fe80::20a:35ff:fe@@:220124882584/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MIU:=1580 Metric:1
R¥ packets:68 errors:8 dropped:3 overruns:8 frame:8
I® packets:136 errors:@ dropped:8 overruns:0 carrier:8
collisions:0 txgueuelen:180600
RR bytes:6774 (6.6 KiB> TZX bytes:29582 (28B.8 KiB>
Interrupt:30

Link encap:Local Loopback

inet addr:127.0.8.1 Mask:255.8.8.0

inet6 addr: ::1x4882584-128 Scope:Host

UP LOOPBACK RUNNING MTU:65536 Metric:1

RH packets:14 errors:8 dropped:8 overruns:8 frame:0
I® packets:14 errors:8 dropped:8 overruns:@ carrier:8
collisions:8 txqueuelen:1860

RR bytes:1176 (1.1 KiB> TZX bytes:=1176 (1.1 KiB>

rootBxilinx—zculll-2618_2:~% |

The ZCU111 Ethernet IP in this example is 192.168.0.105

Set a static IP for your host PC's Local Ethernet adapter. Make sure your PC and the board are on the same
subnet, gateway, etc.

Laptop EthernetIP:  IP 192.168.0.106
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Subnet 255.255.255.0

From the host PC, open a Windows command prompt and ping the ZCU111 board to verify Ethernet
connectivity.

c:\> ping 192.168.0.105

Command Prompt — O =

C:\>ping 192.168.0.105

Pinging 192.168.0

Reply from 192.168.0.105: byte ime<Ims TTL=64
Reply from 19 6 A5: bytes i ms TTL=64
Reply from 192.16 p5: bytes i ms TTL=64
Reply from 192.168.0.105: bytes=3 ime<Ims TTL=64

From the host PC serial terminal connection to Linux running on the ZCU111, verify Ethernet connectivity
by pinging your host PC.

root@xilinx-zculll-2018 2:~# ping 192.168.0.106

I COMBS - Tera Term VT -

File Edit 5etup Control Window Help

rootBxilinx—zculll-20818_2:"H# ping 192.168.08.166
PING 192 .168.0.106 {(192.168.0.106>: 56 data bytes
from 192.168.0.186: seq=0 tt1l=128 time=0.465
from 192.168.0.106: seq=1 ttl=128 time=1.084
from 192.168.0.186: seq=2 ttl=128 time=0.878
s from 192.168.0.106: seqg=3 ttl=128 time=1.002

2333
Unn

——— 192.168.8.186 ping statistics ———

4 packets transmitted, 4 packets received, B packet loss
round—trip minsavg/max = B.465-/0.837-1.0684 ns
rootl@xilinx—zculll-2018_2:"#

RFSoC Development Kit Getting Started Guide Page 12



Qorvo Card Control

1. The Qorvo 2-Channel RF Front-end 1.8 GHz Card is controlled from a Linux application
running on the Processing System (PS) APU of the RFSoC. Commands sent from the PC
through the USB_UART of ZCU111 are subsequently transferred to control registers on the
Qorvo card via an SPI BUS. Refer to the Avnet Qorvo 2-Channel RF Front-end 1.8 GHz Card
Hardware User Guide for more information.’

At the terminal command-line, type ‘qorvo’ to launch the control menu for the Qorvo card.

Note: If you make a mistake while typing commands in the Qorvo control menu, use the
keyboard ‘Delete’ key to backspace at the command line.

T COMS - Tera Term VT — O >

File Edit 5etup Control Window Help

rootBxilinx—zculll-2018_2:"#f gorvo

per word: 8
max speed: P08 Hz <3008 KH=z>
Ligi8iaisisiaisis:s R R R R R R R R
Ligi18i8i8isidi8is:s it

Testing Program for the Qorve bhoard in the RFSoC Kit

Uersion 2.3 {Aug 12th, 2019>

The IP version of the Attenuator control logic is 2.1

H R R R R R R R R R R
LS8 i81818:8:i818i8 1881813181818 8]

Choose a parameter to set:
=>» Channel Ix Attenuator
Channel Rx Attenuator
Channel DPD Attenuator
Channel enable
Channel disable
Channel @ bypass
bypass
disable
enable
1 disable
ttenuator
Attenuator
Attenuator
Channel

enable
disable
B bypass
bypass
disable
enable
Channel 1 disable

Read back the Ouver-Uoltage bits

Write defaults to all board registers
Read back all values written

Exit

k Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel

a
b
c
d
e
3
q Channe 1
i
k
1
m
P
o

NN N N NN N NV WV N NV N N NN N

D D DD 06 DD D D D DN DD b ok ok o o ok ok ok ok ok

J
n
0
t

Figure 8 - Qorvo card command menu

2. Type ‘v’ at the terminal command line, followed by a carriage return, to write default values to all
control registers in the programmable devices of the Qorvo card.
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3. Type ‘W’ at the terminal command line, followed by a carriage return to display all current values.

Note that these are the last values written to the Qorvo registers, not a read back of the device
registers.

4. In preparation for next steps, we shall ensure that no RF output power emerges from the QPA9903
power amplifier (PA) in the TX signal chain of the Qorvo card.

Type ‘e’ at the terminal command line followed by a carriage return, then type ‘1’ to disable the TX
TQL9092 driver amplifier.

Type ‘d’ at the terminal command line followed by a carriage return, then type ‘0’ to disable the
QPA9903 power amplifier.

With the digital attenuators at maximum attenuation, the previous steps have ensured that no signal
power is coupled back from the PA through the DPD observation path on channel 1 of the Qorvo
card to the RF-ADC of RFSoC on ZCU111. This is done for the purpose of calibrating the DPD
observation path RF-ADC in next steps.

/ Downlink 75 MHz at 1842.5 MHN\
From RFSoC DAC —> /? - ‘7‘
! —

From RFSoC GPIO TQLY092 QPA9903

TX On/Off control 7 ) %
To RFSoCADC
Observation path DPD € % ?

& N\

o___\

Figure 9 — Qorvo card TX signal chain disabled
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Experiment 1. Generating a CW Tone through the TX Path

The power amplifier (PA) output in each channel of the Qorvo RF card is routed back to an RF-ADC
through a directional coupler, providing an observation path typically used for digital pre-distortion of the
PA. In this experiment we shall generate a CW tone in the digital domain from the RFSoC Explorer
graphical user interface (GUI) running under MATLAB on the host PC. The digital signal data will be
downloaded to the ZCU111 over TCP/IP and stored in DDR4 memory dedicated to the RF-DACs.

Once download is complete, the signal data will be read out of the memory buffer through DMA and
routed to the digital up-converter (DUC) within the RF_DAC tile, interpolated to a higher sampling rate,
frequency-shifted to 1842 MHz through the complex mixer and converted to the analog domain by the
RF-DAC. This process repeats indefinitely, constantly looping back to the start of the data in the memory
buffer after reaching the end to generate a CW tone at the output of the DAC. To avoid discontinuity
between the start and end loop-points of the CW tone, RFSoC Explorer automatically adjusts the signal
length to an integer number of cycles, thereby ensuring a smooth zero-crossing upon looping back to
the start of data.

The directional coupler at the output of the PA routes the RF signal back towards an RF-ADC on the
ZCU111, with 20 dB of attenuation. Normally intended as an observation path for digital pre-distortion
and PA linearization, this provides a convenient means of re-acquiring the PA output signal into the
digital domain without any external connections. Our objective here is simply to demonstrate usage of
RFSoC Explorer to generate and acquire signals and control the RF signal chain; we shall leave PA
linearization for another day.

1
BPF  TQL9092

UItraScaIe+ '
RFSoC RF ADC DPD observation| %
path BPF

Figure 10 - TX signal chain and DPD observation path

2 channels
l f. = 1842.5MHz /,:J( QOP\’CN
RF DAC ~ —#— _b
Zynq ' Downlink I
QPA9903

X
Y

QPQ1297

2
- PP

1. Start MATLAB R2019b

2. In MATLAB, go to the APPS tab and click the icon for Avnet RFSoC Explorer.
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4\ MATLAB R2019b - spo

[E]- H 1 o

8B @ & @ ¢ &

Design Get More Install Package Modbus Wireless Image Instrument MATLAE Coder Signal Avnet RFSoC  Peep Network
App Apps App App Explorer Waveform G...  Acgquisition Contraol Analyzer Explorer Designer

FILE AP
Figure 11 - Launching RFSoC Explorer

Shown in Figure 12 is the mapping of RFSoC data converters on ZCU111 that connect to signal paths
of the Qorvo RF card. ‘Tile’ and ‘Block’ indices are zero-based. For ADCs, Block (0 => 01; 1 = >23).

Qorvo Signal CH2_RX |CH2.DPD | CH1_RX |CH1_DPD | CH2_TX | CH1_TX
AMC/Schem.  |ADC_ 01 |ADC_03 ADC_05 | ADC_07 DAC_00 | DAC_06
Tile 0 1 2 3 0 1
Block 1 1 1 1 0 2

Figure 12 - Channel map of ZCU111 data converters

From the main tab of RFSoC Explorer set the Board IP Address that was previously found using the
ifconfig command from the host PC serial terminal connection to Linux running on the ZCU111.

AVNET

RFSoC Explorer®

for MATLAB and Simulink

4 Avnet RFSC Explorer for MATLAB and Simulink
File Qorvo RE

DAC Subsystem External PLL

ADC Subsystem

192.168.0.105 | v

Frequency Planning

Frequency planning involves selecting appropriate sampling rates, Nyquist zone of operation and digital signal
processing according to signal bandwidth, I/F frequency and board-level filtering. In this case the bandwidth
of LTE-band-3 is 75 MHz, centered at 1842 MHz in the downlink.

While the bandwidth of the RF-ADC could easily support direct-RF conversion of the 1842 MHz I/F in the first-
Nyquist zone, the relatively small instantaneous signal bandwidth of 75 MHz would make such an approach
wasteful of resources and power. We shall instead aim to match the response of the digital halfband filters in
the decimation stage of the digital downconverter (DDC) to the bandwidth of the LTE Band-3 signal.
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The decimation filters are flat out to 80% Nyquist passband or 0.4*Fs.2 Based on 75 MHz bandwidth of the
LTE Band-3 signal, we derive a suitable sampling rate at the RF- ADC as shown below.

0.4"F4 apc/D
I
I

! LTE Band-3
, 75 MHz \

N \ 1081.344
: | \ C, f(MH)

/ 0 \ Fs_ADC
Figure 13 - ADC sampling rate and decimation factor for LTE-band 3
0.4*Fs_apc/D = 75/2 (MHz)
Solving for Fs_apc and decimation factor D yields a suitable sampling rate for the RF-ADC.
D=8
FS_ADC =750 MHz

2 Ref: Table 41: Decimation Filter Operating Modes, Xilinx PG269 (v2.1) May 22, 2019
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Referring to Figure 14, a 1.00 MHz CW tone x(n) generated in the digital domain by RFSoC Explorer is sent
through the interpolation filters and shifted in frequency by the complex mixer in the digital up-converter to
form an analytic signal tone at 1843 MHz. Once converted to the analog domain the signal connects to the

transmit path of the Qorvo card to reach the PA, where it is routed back through a directional coupler to an
RF-ADC within the observation path normally used for PA linearization.

Note that the conversion from the digital to the analog domain produces a real signal with negative frequency
component. The bandpass BAW filter serves as a re-construction filter to attenuate undesired images that
are normally generated at multiples of the DAC sampling rate.

At the RF-ADC the sampling process produces virtual copies in the digital domain of the baseband signal
centered at multiples of the sampling frequency. Careful frequency planning can exploit this phenomenon to
retrieve the signal of interest without need of a high sampling rate that is greater than the highest frequency
component of the analog signal, which in this case is 1843 MHz. By purposely sampling at a lower rate to
create aliasing, copies of the signal can be made to appear at convenient frequency locations outside of the
18t Nyquist zone (0 — Fs/2 Hz). This is known as under-sampling or bandpass sampling. From there, the signal

of interest can be shifted in frequency back to baseband by the complex mixer within the digital down-
converter.

We shall shift to baseband the high-side image appearing at -319.688 MHz due to the alias centered at -
2*Fs_ADC. Mixing with an effective NCO frequency of 320.688 MHz through the complex mixer brings our
original CW tone back to 1 MHz. The signal then passes through three stages of decimation filters to attenuate
any unwanted out-of-band frequency components and noise, reducing the effective sampling rate to 135.168
MSPS, amply satisfying Nyquist for an LTE Band-3 signal bandwidth of 75 MHz.

.. 1843
Digital Up-Converter
"1 s_DAC L . L
) Fenolt 2 Ditel domai (enab Sond) 0 Fs oacrz
I | Analog domain (real signal) -1843 1843
ejzn”fm ‘ /FS pac :
Cmiver } }— f(MHz)
‘ FsiDAC | 6389.76 | fDACfmfxer 1842 0 Fs_DACIZ

Digital DownConverter

BPF  TaL9092 QPA9303

I
F
' I i s_ADC | 1843 ‘319688 319688 o o
! 1
' ] : | | |I | l | l N
! j2nnf JFS jpe  mmmmmmmmmmmmmmoomoooe t 1 » f(MHz)
: € emicer - Digital domain | 2Fs soc i'. \ v2Fc
] ' , ‘ l
'| F. aoc | 1081.344 | fype myer | 320.688 | ‘ ". :' .| “
i - = [l \ ,_41‘ MHz ll II
: ‘. " Decimationi | 1 \ \
| 1 1 filter 8X. " I‘ ' v
o l 1 A REE I Jf MHz)
! [
0 Fs anc

Figure 14 - Frequency planning for PA observation path for LTE-band 3
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Configuring the RF-ADC in the DPD observation path

We start by enabling the ADC block for the DPD observation path in channel 1 of the Qorvo RF card,
which connects to ADCO7 (Tile 3, Block 1) of the RFSoC device on ZCU111.

1. Enable ADC Tile 3 in RFSoC Explorer. Click to enter the tile.

4 Avnet RFSoC Explorer for MATLAB and Simulink - X

File Main Tab Qorvo RF DAC Multi-Plots tab

RFSoC Explorer®

Multi-tile Sync for MATLAB and Simulink
o DAG Tile 0/1

DAC Subsystem External PLL

DAC Output Mode Tile Status Tile Status
Internal State Intemnal State
Current
L] [ ] [ ] L] L [ ]
AVTT Available Powered Clock Detected Available Powered Clock Detected

ADC Subsystem

ile 0/
Tile Status Tile Status ADC Tile 0/11
Internal State Internal State 192.168.1.3 [F ‘ v

. . . . . .
Available Powered Clock Detected Available Powered Clock Detected

Multi-tile Sync - ADC Tile 2/3
DDR4 v

» ADC tile 3

Tile Status Tile Status
Internal State Internal State

L L L L L L
Available Powered Clock Detected Available Powered Clock Detected

Figure 15 - RFSoC Explorer Enabling ADC Tile 3

2. Enable ADC23. This is the ADC block that connects to the channel 1 observation path of the Qorvo RF card.
Click OK on the warning box; you will perform ADC calibration in a later step.

File Main Tab Qorva RF DAG Multi-Plots tab Tile 3ADCs

ADC23
ADC ENable oft 966 Decimation
Sample rte (MSIS) /"’\ RFSoC Explorer for MATLAB and Simulink
Nyquist Zone 1 £ :“: = T

Calibration Mode 2

Signal Fc (MHz)

- bd

ADG calibeation wil be performed ne NFIGURE & pressed,
vielding the best SFDR for your cent cy Fe. Forbestresults o
remove any ADG signal input dur

OK

Clock Source Clock Ref (MHz) Tile Clock (MHz) Intenal PLL

Figure 16 — Enabling ADC23 in Tile 3
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3. Adjust the ADC tile clock to 1081.344 MHz. This controls the sampling rate for both RF-ADCs in the tile.

ADC23
ADC ENable On Decimation

Sample rate (MS/s) 1081.344
Nyquist Zone 1
Calibration Mode 2

Mixer Frea (MH:
Mixer Phase (de_

Signal Fc (MHz)

Clock Source Clock Ref (MHz) Tile Clock (MHz) Intemal PLL

1081.344 -5

Figure 17 - Setting RF-ADC sampling rate

4. The NCO frequency for the complex mixer within the digital downconverter represents the shift in frequency
to apply to the signal of interest at the ADC input, centered at Fc in the analog domain. In this case Fc = 1842
MHz for LTE Band-3. We wish to shift the CW tone at 1843 Mhz back to 1 MHz.

The complex mixer operates in the digital domain; NCO frequency settings in the range of -10 GHz to 10 GHz
translate to an 'effective’ NCO frequency in the digital domain (from -Fs/2 ... Fs/2). If the analog signal
centered at F¢is in a higher Nyquist zone relative to the ADC sampling rate, a digital alias will be shifted back
to DC. This is sometimes referred to as sub-sampling, as described on page 48 of

; see endnote Error! Bookmark not defined..

Set the ADC complex mixer to -1842 MHz.

On » Decimation
Sample rate (MS/s) 1081.344
Nyquist Zone : - .540.7 40 l 8x v -

Calibration Mode

poso e ) NN

Clock Source Clock Ref (MHz) Tie Clock (MHz) Intemal PLL

Figure 18 - Setting ADC complex mixer frequency

RFSoC Development Kit Getting Started Guide Page 20


https://www.xilinx.com/support/documentation/ip_documentation/usp_rf_data_converter/v2_1/pg269-rf-data-converter.pdf
https://www.xilinx.com/support/documentation/ip_documentation/usp_rf_data_converter/v2_1/pg269-rf-data-converter.pdf

Observe the information dialog confirming the 'effective’ NCO frequency. Refer also to Figure 14.

Desired analog signal at ADC input is centered at Fo = 1842 000000000 MHz
in Nygquist Zone 4 relative to ADC sampling rate 1081. 344000 MHz. The

aliased image at -320.688000000 MHz will be frequency-shified to DC in the
digital domain by the mixer with eflective NCO frequency 320.688000000

MHz.

Each of the RF-ADCs in the Zyng UltraScale+ RFSoC is built on multiple sub-ADCs in an interleaving
architecture. The nature of the interleaving process requires that an intricate calibration algorithm be carried
out to obtain the best dynamic range performance from the RF-ADC. It is recommended to remove all signal
power at the input of the RF-ADC during the calibration process; this was accomplished by disabling the TX
signal chain in previous steps. Further details are provided in section ‘RF-ADC Nyquist Zone Operation’ Zyng
UltraScale+ RFSoC RF Data Converter 2.1 PG269 ',

RFSoC Explorer automatically calculates and displays Nyquist Zone and Calibration Mode as a function of the
input signal center frequency Analog Fc, and the ADC tile sampling rate.

Finally set decimation to 8X. This will enable the cascade of 3 half-band decimation filters within the RF-ADC
tile to attenuate unwanted frequency components above 67 MHz (at baseband) and reduce the sampling
rate to 135.168 MSPS.2

Activate the ‘Configure’ pushbutton to perform ADC calibration and download settings to the RF-ADC tile.

3 This sampling rate is sufficient for the purpose of demonstrating acquisition on a CW tone. In a true PA
linearization application it would be necessary to conserve greater excess bandwidth through the observation
path to capture any non-linear distortion products from the PA beyond the signal bandwidth. The useable
bandwidth through the BAW filter in the DPD observation path is approximately 180 MHz, from 1750 to 1930
MHz.
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AVNET

RFSoC Explorer for MATLAB and Simulink

Connection to ZCU111

Signal Plot

Time Frequency Baseband ADC Qutput

Figure 19 - Configuring the RF-ADC
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5. The configuration process communicates with the Xilinx RFdc Linux driver APl running on the Processing
System (PS) APU of the RFSoC, providing runtime interaction and monitoring of the data converters. For
reference, the Xilinx RFdc source files are publicly available on GitHub.

RFdc responds with the actual ADC tile sampling frequency that was programmed in the internal PLL. Click
OK to dismiss the dialog box.

The RF-ADC block for the DPD observation path of the Qorvo RF card has been activated.

6. We can now re-enable the TX driver and PA of the Qorvo card.

Type ‘d’ at the terminal command line followed by a carriage return, then type ‘1’ to enable the
QPA9903 power amplifier in channel 1 of the Qorvo card.

Type ‘@’ at the terminal command line followed by a carriage return, then type ‘0’ to enable the TX
TQL9092 driver amplifier in channel 1 of the Qorvo card.

Channel 1 TX signal chain of the Qorvo card has been re-enabled, while the digital attenuators remain at
maximum attenuation. Refer to Figure 9.

We now proceed to configure the RF-DAC to generate a CW Tone for the Qorvo card.
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Configuring the RF-DAC in the transmit path

1. Enable DAC Tile 1 in RFSoC Explorer. Click to enter the tile.

Explorer for MATLAB and Simulink

QorvoRF | DAC Multi-Plotstab  Tile 3ADCs  Tile 1 DACs.

DAC Subsystem External PLL

AVNET

RFSoC Explorer®

Multi-tile for MATLAB and Simulink
o DAC Tile 0/1
DAC Output Mode

ADC Subsystem
ADC Tile 0/1

Available

Multi-tile

.
Available

2. Enable RF-DAC block 2, connecting to channel 1 transmit path of the Qorvo RF card. Refer to Figure 10

Explorer for MATI

File  ManTab | QorvoRF

nd Simulink
C Multi-Plotstab  Tile 3ADCs  Tile 0 DACs Tile 1 DACs

— AVNET

nverse Sinc

QMC correction

RFSoC Explorer for MATLAB and Simulink

Interpolation & 1968 M ) O Mix-Mode

’ o 0 N Inverse Sinc
T 4 v \

‘Clo(k Source Clock Ref (MHz) Tile Clock (MHz) Internal PLL
|

i ke 1 DAC 2: CW Tone 1.0000000000000 MHz, at Baseband 983.04 MSPS

Mix-Mode

Inverse Sinc

QMC comection

Interpolation Mix-Mode
T Inverse Sinc

QMC corection
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3. Adjust the DAC tile clock to 6389.76 MHz. This sets the sample rate for all 4 DACs in the tile.
Leave ‘Signal Source’ parameters to default values: CW Tone, complex, 0 dBFS, 1 MHz.

Set the complex mixer within the RF-DAC tile to centre-frequency of LTE Band-3, 1842 MHz. The resulting
CW tone will be at 1843 MHz at the output of the DAC.

Set Interpolation = 8.

CW Tone 0.00 =Y dBF " 0 Mix-Mode

complex 11 I Y of @ ) on Inverse Sinc
Sample rate (MS/s) 6389.76

QMC correction

4. Inthe ‘Signal Plot’ panel, set to ‘Frequency’ domain and select ‘DAC Output’. This is useful for
frequency planning by displaying the interpolated signal at the DAC output sampling rate, post-mixer.
Finally press ‘Configure’, then ‘Download’ to transfer the signal data from MATLAB to the DAC memory

T

RFSoC Explorer for MATLAB and Simulink

Connection to ZCU111

Frequency > Baseband DAC Output

ile 1 DAC 2: CW Tone 1.0000000000000 MHz, at DAC Output 6389.76 MSP!

100

W
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5. At this point the RF-DAC is continuously transmitting a 1 MHz CW Tone, digitally mixed with a 1842
MHz carrier to emerge at 1843 MHz from ZCU111 through the TX signal chain of the Qorvo RF front-
end card. The output of the power amplifier is coupled back through the DPD observation path
towards the RF-ADC for signal capture.

,
V. . Downlink 75 MHz at 1842.5 MHz \
{ | —— |

From RFSoC DAC —>»
An abim

TQQO303 TQLY092 RFSA3713  QPA9903

£

ToRFSOCADC %
Observation path DPD ?

x | QPQ1297

ToRFSOCADC €— % < /%V Ay
TQQO302 QPL90Y6 TQP4MI071 QPLI09S  TQQO302
Uplink 75 MHz at 1747.5 MHz

Figure 20 — LTE Band-3 downlink and DPD observation signal paths

] e

+

6. Return to the main tab and descend into ADC Tile 3. Select ‘Single Capture’ and press ‘Acquire’.

AVAN R

RFSoC Explorer for MATLAB and Simulink

Connection to ZCU111

Signal Plot

Frequency Baseband

7. Observe the CW tone which has been mixed back to 1 MHz by the ADC mixer. The signal level is low
because the digital attenuators are still at maximum attenuation.
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8. Select ‘500 Captures’ and press ‘Acquire’.

We shall now relax the DPD observation path attenuation in 10 dB steps, gradually increasing the signal
level at the RF-ADC while the acquisition is underway.

9. Type ‘c’ at the terminal command line followed by a carriage return, then enter the value ‘80’ to
decrease the attenuation by 10 dB. Repeat with values ‘40’ and ‘O’. Observe the corresponding
increase in signal level, which should ultimately reach approximately -1.65 dBFS.

Finally we can relax the Channel 1 TX digital attenuator, which until now has remained at maximum
attenuation.

10. Type ‘@’ at the terminal command line followed by a carriage return, then enter the value ‘119’ to
decrease the attenuation by 1.65 dB. The signal level should now be approximately 0 dBFS, full-scale.

4. Spectrum Analyzer - O >

File Tools View Playback Help Ll
B-a-|0 3| A WEE| &

Capturing signal from Tile 3 ADC 1 F ¥ Peak Finder

‘-.-'aIuEeE Freq. (MHz

]

ral

e A L L L oy

Processing RBEVW=09.98 kHz Sample rate=135.17 MHz T=0

Figure 21 - Channel 1 Tx Attenuator relaxed by 1.65 dB to reach 0 dBFS at observation ADC

Important: Increasing the signal strength through the DPD observation path
beyond this level may cause damage to the RF-ADC.

This completes experiment 1.
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Experiment 2. Generating an LTE signal through the TX Path

The power amplifier (PA) output in each channel of the Qorvo RF card is routed back to an RF-ADC through a
directional coupler, providing an observation path typically used for digital pre-distortion of the PA. In this
experiment we shall generate an LTE standard-compliant signal in the digital domain from the RFSoC Explorer
graphical user interface (GUI) running under MATLAB on the host PC. The digital signal data will be downloaded
to the ZCU111 over TCP/IP and stored in DDR4 memory dedicated to the RF-DACs.

1. Returnto DACTile 1. From ‘Signal Source’ of DAC 2, select ‘Wireless Waveform’.

Wireless Waveform v | - N\ iy Mix-Mode

oft (_J On Inverse Sinc

Sample rate (MS/s) 6389.76

Clock Source Clock Ref (MHz) Tile Clock (MHz) Internal PLL
6389.76 5

From the Wireless Waveform Generator, select LTE (4G) Downlink RMC as the Waveform Type.

4\ Wireless Waveform Generator - OFDM Subcarrier Mapping

GEMERATOR TRAMSMITTER

i al= R

LTE (4G) -

New Open Save
Session Session™ Session™ - - -
Iite] Iite) Iite)
Daownlink Uplink RMC  Test Models
RMC (E-TW)

FILE

Waveform

¥ OFDM Waveform Configuration

WLAN (IEEE 802.11)

FFT length: |54
k=3 k=3 - k= k= k=3
Guard band subcarriers: [6;5] = = = s = =
802.11a/g/j 802.11b/g 802.11p 802.11n/ac 802.11ad 802.11ah
,_| |I"I fMICMk AN McCcy Ll =al W L]

Figure 22 — MathWorks LTE Toolbox in Waveform Generator

In the ‘Waveform’ tab on the left, use the Reference channel dropdown menu to select R.9 (Port 0, 100 RB,
64 QAM, CellRefP=1, R=3/4), then click Generate to create the waveform.
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4\ Wireless Waveform Generator - Waveform

GEMERATOR TRAMNSMITTER

:J H e ™ ™ [ Impairments I/ “Q/

~ E Visualize ™

MNew Open Save Downlink Uplink RMC  Test Models Generate  Export
Session Session™ Session'¥ RMC (E-TM) [ Default Layout hd
FILE WAVEFORM TYPE GEMNERATION EXPORT
| Waveform | Spectrum Analy
_T Downlink RMC ¥ RMC Parameter Summary
Reference channel: |[R.0 (Portd, 1 RB, ... ~ Transmission scheme: Port0

R.0 (Port0, 1 RB. 16QAM, CellRefP=1, R=1/2) A
Duplex made: | p 4 Por0, 1 RB, 16QAM, CellRefP=1, R=1/2)

. . |R.2 (Port0, 50 RB, QPSK, CellRefP=1, R=1/3)
Transmission scheme:
R.3 (Port0, 50 RB, 16QAM, CellRefP=1, R=1/2)
Cell identity: | R-4 (Port0, 6 RB, QPSK, CellRefP=1, R=1/3)
R.5 (Port0, 15 RB. 64QAM, CellRefP=1, R=3/4)
RNTE: |R.G (Port0, 25 RB, 64QAM, CellRefP=1, R=3/4)
R.7 (Port0, 50 RB. 64QAM, CellRefP=1, R=3/4)
RV SEGUEHCE: MO Mied T M CASARA S oD Tl d T3 74N
R.9 (Port0, 100 RB, 64QAM, CellRefP=1, R=3/4) ‘
|H_1U (IxDwersitylspatialMux, 50 BB, WUHSK, CellHetP=2, B=1/4) |_

Rhn (dARY

Figure 23 - MathWorks LTE Downlink R.9 Reference Channel Waveform

Next, use the Export dropdown menu in the top ribbon to select Export to RFSoC Explorer

4\ Wireless Waveform Generator - Spectrum Analyzer

GEMNERATOR

C.a » — Impairments > o7
o J & ke e fo) i me P> ¥
: ; - E Visualize v
MNew Open Save Dawnlink Uplink RMC  Test Models Generate | Export
Session Session¥ Session¥ RMC (E-TM) [ Default Layout A
FILE WAVEFORM TYPE GENERATIOMN

_ | & Export to RFSoC Explorer
Waveform | Spectri

&, Export to File
¥ Downlink RMC ¥ RMC Parameter Summary

B Export MATLAB Script

Ww*ﬂTl'TW

<

Reference channel:- |R.9 (Fort0, 100 . Transmission scheme: Part0

<

Duplex mode: |FDD Downlink resource blocks: 100

<

Transmission scheme: |Port0 Allocated resource blocks: 100

Figure 24 - Export Waveform Generator Signal to RFSoC Explorer

At the information dialog select ‘Yes’ to maximize the signal level to the full available dynamic range for the
DAC.
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2. By default the LTE waveform is generated at its native sampling rate of 30.72 MSPS. Accept the prompt to
re-sample the signal at the current DAC sampling rate.

-

2 : ; 1y N — e | h
4 Sampling rate mismatch [“:"| 2

LTE sampling rate 30.72000 MHz MSPS, does not match tile rate.

, Re-sample to current baseband rate for this DAC Update DAC output sampling rate for the entire tite}

3. Scroll through the LTE parameters table to confirm the new sampling rate of 798.720 MSPS.
Set interpolation factor to 8X. Set the complex mixer frequency to 1842 MHz. (See Figure 20)
Press ‘Configure’ to send the DUC parameters to the RFSoC RF Data Converter subsystem.

Press ‘Download’ to transfer the signal data from MATLAB to the DAC memory buffer of ZCU111.

Clock Ref (MHz) Tilo Clock (M) Intomal PLL

Figure 25- Generating a 20 MHz LTE waveform

4. Select ‘Tile 3 ADCs’ within the Tab group at the top of the screen.
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le Main Tab Qorvo RF Tie 3 ADCs Tile 1 DACs DAC Muiti-Plots tab Tie 0 DACs Tie 0 ADCs

CW Tone

Interpolation

l

complax

Sample rate (MSh

ot @ ) On

Sample rate (MS!

[Clock Source Clock Ref (MHz) Tile Clock (MHz) Intermnal PLL

5. The ADC23 settings should have retained the state from the previous experiment.

Press ‘single capture’.

AVNET

RFSoC Explorer for MATLAB and Simulink

Connection to ZCU111

Signal Plot

B Frequency Baseband

Clock Ref (MHz) Tée Clock (MHz) Intomal PLL
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6. Observe low level distortion products in the skirts of the output spectrum of the QPA9903 power amplifier
Clearly the input level into the PA is causing non-linear behavior as the amplifier approaches saturation.

4. Spectrum Analyzer
File Tools View Playback Help

B-a-|C ) ke WEE| &
# ¥ Peak Finder

Capturing signal from Tile 3 ADC 1
tings

e

J
*
H vl

[
W"NWM”WMMMWJ I‘V'W'“MKWMWMWWMWM

RBW=09.98 kHz Sample rate=135.17 MHz T=0

Processing

Reduce the input level into the PA by typing ‘@’ at the terminal command line, followed by a carriage return,
then enter the value ‘127’ to increase the attenuation and decrease the signal power entering the PA by

1.65 dB. Press ‘single capture’ to observe the PA now operating in the linear region.

4] Spectrum Analyzer
le Tools View Playback Help

Fi
- |- |C] &) R L |G

Capturing signal from Tile 3 ADC 1

[

f I‘
W‘Mﬂ’*wwﬁwmwwwﬂ &WWMWMWMW

RBW=98 98 kHz | Sample rate=135.17 MHz T=0

Processing

This concludes experiment 2.
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This introduction to the Avnet Zyng UltraScale+TM RFSoC Development Kit with Qorvo RF Front End
has demonstrated usage of the Avnet RFSoC Explorer graphical user-interface to control the
ZCU111 development board, generate and acquire signals through the Qorvo RF front-end card in
the MATLAB environment.

For a comprehensive description of the functionality of the RF front-end, see Qorvo 2-Channel RF
Front-end 1.8 GHz Card Hardware User Guide at
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Appendix A: Installation of USB UART Driver

The Xilinx ZCU111 uses the Silicon Labs CP2102 USB-to-UART Bridge IC. This connects a PC’s USB port
to the evaluation board and looks like a UART to the PC. A virtual COM port will be created on the PC by
means of a Silicon Labs CP2102 USB-to-UART bridge driver. Follow the instructions listed below to install
the Silicon Labs drivers.

Download and Install the Required Software
1. Using your web browser, navigate to the Silicon Labs website:

http://www.silabs.com/products/mcu/pages/usbtouartbridgevcpdrivers.aspx

2. Download the VCP Driver Kit for your PC’s operating system. Drivers for MacOS and Linux are also
available.

—
—
SILICON LABS —

Silicon Labs » Products » MCUs » USB to UART Bridge VCP Drivers

CP210x USB to UART Briage VCP m""h
Drivers

Cross-Reference

The CP210x USB to UART Bridge Virtual COM Port (VCP) drivers are required for search

device operation as a Virtual COM Port to facilitate host communication with CP210x

products. These devices can also interface to a host using the USBXpress direct # Get Support &
access driver. These drivers are static examples detailed in application note 197: The Tools

Serial Communications Guide for the CP210x, download an example below:
Software Downloads

3 AN1S7: The Serial Communications Guide for the CP210x Development Tools

Reference Designs

Documentation

Download Software Application Notes

Knowledgebase
The CP210x Manufacturing DLL and Runtime DLL have been updated and must be g

used with v6.0 and later of the CP210x Windows VCP Driver. Application Note Community
software downloads affected are AN1445W.zip, AN2055W.zip and AN2235W.zip. If

you are using a 5.x driver and need support you can download archived Application Training & Resources
Note Software.

© Need Help?

Download for Windows XP/Server 2003/Vista Technical Support
/7/8/8.1 (V67) Contact Sales
Platform Software Release Notes
GET THE LATEST
A windows XP/Server 2003 o Hos SNENTATION
Vista/7/8/8.1 Download VCP (3.66 MB)  Download VCP Revision History UPDATES.
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3. Once the file is downloaded, extract the CP210x VCP Driver Kit archive. For example, for Windows
XP/Vista/7 the file is CP210x_VCP_Windows.zip. Once the archive is extracted, open the folder where
the archive was extracted and choose the correct installer for a 32-bit (CP210xVCPInstaller_x86.exe) or
64-bit (CP210xVCPInstaller_x64.exe) PC. The installer will guide you through the setup. Accept the
license agreement and install the software on your PC. Click Finish button when completed.

CP210x USE to UART Bridge Driver Installer

Completing the Installation of the
% CP210x USB to UART Bridge Driver

N

The drivers were successfully installed on this computer.

You can now connect your device to this computer. f your device
came with instructions, please read them first.

Driver Name Status
" Silicon Laboratores sila..  Ready to use

< Back Finish | | Cancel
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Determining the Virtual COM Port

Now you can connect the ZCU111’s USB-to-UART port to one of the USB ports on your PC. The new
hardware detection will pop up and enumeration of the driver will start. Once finished a virtual COMx port is
created and you are ready to setup a connection using Windows HyperTerminal or comparable serial

terminal emulation utility. Follow these instructions to determine the COMx port assigned to the USB-to-

UART bridge:

1. Open the Device Manager by right-clicking on |- *SEmESs | select Properties, then click on the Device

Manager.
o
P
'\../”\_JI |;5.3 + Control Panel » System and Security >|System| v|¢¢| Search Control Panel J‘Dl
File Edit View Tools Help
(7]

Control Panel Home . .. .
View basic information about your computer

'5' Device Managerl Windows edition

@) Remote settings Windows 7 Professional

'{':;f' System protection Copyright © 2009 Microsoft Corporation. All rights reserved,
#) Advanced system settings Service Pack 1

Get more features with a new edition of Windows 7
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2. Inthe Device Manager, scroll down to Ports and expand the list. You will see the Silicon Labs CP210x
USB to UART Bridge and its assigned COM port. In the example below, it is COM4. Make note of this
COM port number for use with the serial terminal you will use elsewhere in this design tutorial. This
concludes these USB UART driver and virtual COM port installation instructions.

g=4 Device Manager [ =NRC] ihj

File Action View Help
&= @ E HE| B 2%

1M Computer -

s CypressUsbConsoleWindowsDriver il
> <= Disk drives

» M Display adapters

> i) DVD/CD-ROM drives

> E‘Lﬁ Human Interface Devices
g IDE ATA/ATAPI controllers
»-EF Jungoe

S

m

sl Keyboards

> --ﬂ Mice and cther pointing devices
- . Monitors

> ¥ Network adapters

. [ Portable Devices

473 Ports (COM & LPT)
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Appendix B: Getting Support

Avnet Support

e If you have any questions about the Avnet Zyng UltraScale+ RFSoC Development Kit, Avnet's RFSoC
Explorer application, or this tutorial please use the UltraScale+ RFSoC Forum on our element14
ZedBoard Community page: https://www.elementl4.com/zedboardcommunity

ZedBoard Community

Welcome to

ZedBoard Community RS i st
o " OB MicroZed Dev Board

Jump-start your design with the Xilinx Zynq®-7000 Al b S

Programmable SoCs and UltraScale+ MPSoCs. Get & " MiniZed Dev Board

assistance though the community support forums and % 3

the on-line training for Zyng-based kits including the ? PicoZed Dev Board

Ultra96, MiniZed and ZedBoard. They are an ideal : 3

starting point to learn about Zynq so your design ideas 1 e Ultra96 Dev Boards >

can turn into reality.
UltraScale+ RFSoC Kit

UltraZed Dev Boards >

e To access the most current collateral, visit the product page at www.avnet.com/rfsockit

MathWorks Support

For questions regarding MathWorks software and support for the Avnet Zynq UltraScale+ RFSoC
Development Kit, please contact rfsoc@mathworks.com
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Regulatory Compliance Information

REGULATORY COMPLIANCE INFORMATION

FCC WARNING
This kit is designed to allow:

{1) Product developers to evaluate electronic components, circuitry, or software associated with the kit to
determine whether to incorporate such items in a finished product and

(2) Software developers to write software applications for use with the end product.

This kit is not a finished product and when assembled may not be resold or otherwise marketed unless all required
FCC equipment authorizations are first obtained. Operation is subject to the condition that this product not cause
harmful interference to licensed radio stations and that this product accept harmful interference. Use of the kit
should be limited to a development lab environment only.

CE WARNING

This evaluation kit is for use by professionals for their research and development purposes. The kit may not be
put into service for use on a regular basis, or integrated into an end product (Annex 1.4 of the RED). This kit is does
not bare the CE mark of certification. As such, this kit may be operated only within the requirements of RED
section 1.6.2.5, Custom-built evaluation kits.
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Revision History

Date Version Revision

27 Sep, 2019 1.0 Initial Release

03 Oct, 2019 11 Added Regulatory Compliance Information

25 Oct, 2019 1.2 Updated MATLAB required version. Updated SW installation.

31 Oct, 2019 1.3 Updated app startup method as a MATLAB Add-On app

14 Nov, 2019 1.4 Updated LTE Experiment for Waveform Generator in R2019b

18 Nov, 2019 15 Updated waveform used in LTE Experiment

26 Nov, 2019 1.6 Revised MATLAB SW Requirements. Revised SD card preparation
instruction.

05 Jun, 2020 1.7 Updated SD card formatting instructions. Updated hyperlinks for
setting up USB-Serial.
Revised for new Qorvo 2-Channel “loopback enabled” revision
(AES-LPA-QRF18000-RVS-G)
Added section - Regulatory Compliance Information

24 Feb, 2023 1.8 Added SD card image link for support of Avhet RFSoC Explorer
version v2.0.0 and later

i Avnet Qorvo 2-Channel RF Front-end 1.8 GHz Card Hardware User Guide www.avnet.com/rfsockit

i https://www.xilinx.com/support/documentation/ip _documentation/usp rf data converter/v2 1/pg269-rf-
data-converter.pdf

i htps://github.com/Xilinx/embeddedsw/tree/master/XilinxProcessorlPLib/drivers/rfdc
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