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Acronyms

* ADP - Analog Discovery Pro

+ BNC - Bayonet Neill-Concelman connector
+ CW - Continuous Wave

+ DUT - Device Under Test

* FM - Frequency Modulation

+ SDR - Software Defined Radio

+ OS - Operating System

* PC - Personal Computer

* RF - Radio Frequency

« SMA - SubMiniature version A connector

+ SNR - Signal-to-Noise Ratio

+ USRP - Universal Software Radio Peripheral
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Introduction

This demonstration setup will display the abilities of Digilent’s ADP5250 for use as bench-top
RF test equipment for testing the performance of hardware such as the Ettus b205 mini (also
sold by Digilent). A GNU Radio flowgraph and Waveforms workspace is provided for every
demonstration RF test for a user to run in real time at the event.

Background

The obijective of this demonstration is to showcase Digilent’s RF (radio frequency) test
equipment at the 2022 Embedded World Exhibition & Conference in Digilent’s booth. This
document is detailed such that an end user with or without an RF background can successfully
setup the hardware/software and execute the tests, excluding how to install programs such as
Waveforms and Gnu Radio. The Gnu Radio flowgraphs and Waveforms workspaces will require
no further intervention from the end user past opening the file with the respective software
program and clicking ‘Run’ once the hardware has been set up.

Material List

To recreate this demonstration, the following hardware is required (not including the host PC
GNU Radio & Waveforms is running on):

+ Analog Discovery Pro ADP5250 - Qty. 1

+ Analog Discovery Pro ADP5250 BNC Probe Bundle

+ P2150 150MHz Oscilloscope Probe - Qty. 2

« BNC to Mini-grabber Cable - Qty. 2

+ Set of Red & Black DMM Probes - Qty. 1

Ettus USRP B205mini-i: 1x1, 70MHz-6GHz SDR/Cognitive Radio - Qty. 1
Enclosure Kit for Ettus USRP B205mini-i - Qty. 1

BNC-to-SMA Adapter - Qty. 2

SMA-to-SMA 24” Coaxial Cable - Qty. 2

30dB RF SMA Attenuator - Qty. 1

Host PC Software

The following software is required to be installed on the host PC to run the RF demonstrations
outlined in this document:

+ Digilent Waveforms - Version 3.1.8
+ GNU Radio Companion - Version 3.8.2.0 (Python 3.6.9)

This document will not cover how to install this software as there are many tutorials available
for whichever target host PC OS the reader of this document is using. Knitronics has covered
how to install GNU Radio on Ubuntu 18.04 specifically for use with the b205mini:

https://www.hackster.io/whitney-knitter/getting-started-with-the-ettus-b205mini-in-gnu-radio-
e0d3ea

It is recommended to run this demonstration with two separate computers: one running GNU
Radio in Ubuntu Linux and the other running Digilent WaveForms on Windows.
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RF Test Demo: Continuous Wave RF Signal
Measurements

This demonstration encompasses the typical RF test measurements performed on an SDR
DUT outputting a CW RF signal (aka - a single, non-modulated sinusoid RF signal) that the
ADP5250 is capable of. The RF test measurements performed in this demonstration include:

* RF TX Center Frequency Offset

« RF TX Output Power

« TX Worst Spurious Frequency/Magnitude
+ Signal to Noise Ratio

1. Hardware Setup

Connect a 30dB attenuator to the TRX SMA port of the b205mini then connect it to Channel 1
of the ADP5250’s oscilloscope (a male-to-male SMA RF RG316 cable is used with female SMA
to female BNC adapter in the photo below). Connect the b205mini to the host PC via its

provided USB cable.
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2. Software Setup

The following files are required for these demonstrations:
* GNU Radio Flowgraph: b205mini_rf_tester.grc

* WaveForms Workspace: cw_rf_tests.dwf3work

Launch WaveForms and open the cw_rf_tests.dwf3work workspace. It should appear as
shown below. Click the Run button to start the ADP5250 measurement capture.
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Launch GNU Radio and open the b205mini_rf_tester.grc flowgraph. Click ‘Generate the
flowgraph’ button (the icon to the immediate left of the green play button icon) then click
‘Execute the flowgraph’ button (the green play button icon).

b205mini_f_testergre - iome/whitney/b205_mini

x
x
x
X
x

A DIGILENT

An NI Company



RF Demo Operation Procedure Page 6 of 13

3. Execution

In the QT GUI window that appears in Gnu Radio (see screenshot below), all of the default
settings are set to match the measurement setup in the Waveforms workspace. If any are

changed such as the UHD center frequency, the settings in the Waveforms workspace will
need to be adjusted to match.

B205mini RF Tester ()

uhd_samp_rate

1000000

uhd_gain

750 T

uhd_center_freq 100000000 |

uhd bw = 1000000

signal_src_samp_rate

1000000 |~

e e B T O B TS DS S D P PRSPPSO ... 10000 |3

Frequency Display | Waterfall Display =~ Time Domain Display = Constellation Display

Relative Gain (dB)

Max Hold

Average
Min Hold

0

Display RF Frequencies FFT Size: | 1024
Window: | Blackman-harris +

The UHD gain is the only exception. By default, as a hardware protection effort, the gain is set
to zero. This RF signal strength from the b205mini will not be enough to make it through the
attenuator and RF cabling for the ADP5250 to distinguish from the noise floor. Use the slider

bar to increase the gain until the signal is visible on the spectrum analyzer of the ADP5250. The
recommended gain values are 70dB - 90dB(max).

Do not leave the transmitter on for indefinite/extended periods of time as there is no cooling
mechanisms such as a CPU fan on the b205mini. It is recommended to not let the demo run

with the transmitter on for more than 2 minutes at a time with 5 - 10 minutes of a cool down
period in-between.

Talking points to note in this demonstration:

The Measurements functionality in the WaveForms spectrum analyzer are a convenient
quick way to take measurements such as SNR, spurious outputs, center frequency offset
(fundamental frequency - FF), etc. as they are as simple as selecting them from a menu to
view.

« For example: instead of adding a marker and configuring it to look for the highest peak,

simply select the fundamental frequency - FF option from the Measurements option found
in the View tab
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Note: the UHD gain is set to 75.0 for the measurement results show above.

RF Test Demo: Narrowband Modulated RF Signal
Measurements

This demonstration encompasses the typical RF test measurements/analysis performed on an
SDR DUT outputting a narrowband FM modulated RF signal that the ADP5250 is capable of.
The RF test measurements performed in this demonstration include:

+ Signal to Noise Ratio

* Noise Floor

+ Aspects of the Measurement/Capture: resolution bandwidth, number of acquisition samples
& frequency, number of visible frequency bins of (except DC), effective number of bits of ADC

+ Power in Band (using X & Y cursors)

+ A list of the top 20 frequency components of the captured signal sorted by respective
magnitude

+ Persistence window to further visualize how noisy the signal may or may not be

The workspace in WaveForms utilizes the X and Y cursor functions to measure where the 3dB
rolloff is on either side of the transmitted signal (which depicts the bounds of the power in the
band of modulated signal) on the Y-axis, then the X-axis cursors measure the bandwidth of the
frequencies covered. This bandwidth represents the signal bandwidth.

Note: the X & Y cursors may need to be adjusted between runs to account for slight variations
in the RF environment.
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1. Hardware Setup
Hardware setup is the same as the CW RF Signal Measurement demonstration as outlined
previously in this document. Refer to it if hardware is not already set up.

2. Software Setup

The following files are required for these demonstrations:

* GNU Radio Flowgraph: b205mini_nbfm_pwr_in_band.grc
* WaveForms Workspace: nb_mod_rf_tests.dwf3work

Launch WaveForms and open the nb_mod_rf_tests.dwf3work workspace. It should appear as
shown below. Click the Run button to start the ADP5250 measurement capture.

W WaveForms (nb_mod rf tests)
Workspace Control Settings Window Help

s (595 M ©|Swp 1005 MHz g™
(100 itz < |'span:  1MHz ~ | sam
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nnnnnnnn
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#Normal  Deta =Clear &~ Show+

199975 Mz < Jnone v 686714 dBm
2 100,02 Mz vt vlesetzie ~ 762704 dom -7.5%9 dbm

Manual Trigger || ADP5250-323FSB8 SN:323F588 USB| “JWF3.181  Status: OK v.

Launch GNU Radio and open the b205mini_nbfm_pwr_in_band.grc flowgraph. Click ‘Generate
the flowgraph’ button (the icon to the immediate left of the green play button icon) then click
‘Execute the flowgraph’ button (the green play button icon).
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» le
) LSS N g mQc
b205mini_rf_tester %  b20Smini_nbfm_pwr_in_band %  b205mini_wbfm_pwr_in_band % v Core
» Audio
Options QT GUI Range QT GUI Range QT GUI Range QT GUI Range Boolean Operators
Title: NGFM Povie in Band 1d: uhd center freq | | 1d: und samp_rate | | 1d: und_gain
Author: whitney Defautt Value: 1001 || Defautt Vatue: 111 | | Defaut value: 1 Byte Operators
Output Language: Python Start: 70M Start: 32 start: 0 Channelizers
Generate Options: QT GUI Stop: 66 Stop: S6M Channel Models
Step: 1M Step: 10k
Coding
QT GUI Range QT GUI Range Control Port
Id: signal src_freq | | Id: signal_src_samp_rate
Default Value: 10k | | Default Value: 48k Debug Tools
Start: 0 Start: 1k Deprecated
Stop: 500 Stop: 1M )
T e Digital Television

Equalizers
Error Coding

File Operators
Filters

Fourier Analysis
GUI Widgets
Impairment Models
Instrumentation

UHD: USRP Sink

Low Pass Filter Sync: Unknown PPS
NBFM Transmit Decimation: 1 Samp rate (Sps): 1M

Audio Rate: 48k Gain: 1 209] cho: Center Freq (Hz): 100M

Quadrature Rate: 576k Sample Rate: 45k Cho: Gain Value: 1 [peime_msas]

Tau: 75u : Cho: Gain Type: Absolute (dB)

Max Deviation: 5k : Cho: Antenna: TXRX

Preemphasis High Corner Freq: -1 Cho: Bandwidth (Hz): 1M

Beta: 676

Signal Source
gk

Initial Phase (Radians): 0

UHD: USRP Source
Syne: Unknown PPS

Samp rate (Sps): 1M

Cho: Center Freq (Hz): 100M
[Command| Cho: AGC: Default

Cho: Gain Value: 1

Cho: Gain Type: Absolute (dB)
Cho: Antenna: RX2

Cho: Bandwidth (Hz): 1M

Level Controllers
Math Operators
Measurement Tools
Message Tools
Misc

Modulators
Networking Tools
OFDM

Packet Operators
Peak Detectors

QT GUI Sink

Update Rate: 10

~Operating over USB 3.

~Performing timer loopback test... pass ) ;
~ 1) catch time transition at pps edge uhd_gain  <Open Properties>
- 2)settimes next pps (synchronously) uhd_samp_rz <Open Properties>
~ 1) catchtime transition at pps edge

~ 2)set times next pps (synchronously)

len(interp_taps) =816

Variables

Video

Waveform Generators
ZeroMQ Interfaces

- Initialize CODEC control... g ks Resamplers
- Initialize Radio control.. Imports | > stream Operators
~Performing register loopback test... pass v Variables s streamTagTools
~Performing CODEC loopback test... pass )
~ Setting master clock rate selection to 'automatic'. samp_rate 32000 % SymbolCoding
~ Asking for clock rate 16.000000 MHz... signal_src_fr <Open Properties> % > Synchronizers
- Actually got clock rate 16.000000 MHz. signal_src_sa <Open Properties> % ¥ Trellis Coding
— Performing timer loopback test... pass Lsrc. i
~Asking for clock rate 32.000000 MHz... uhd_bw  <Open Properties> % TypeConverters
- Actually got clock rate 32.000000 MHz. uhd_center_f <Open Properties> % P UHD

®

®

>>>Done

3. Execution

In the QT GUI window that appears in Gnu Radio (see screenshot below), all of the default
settings are set to match the measurement setup in the Waveforms workspace. If any are
changed such as the UHD center frequency, the settings in the Waveforms workspace will
need to be adjusted to match.
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The UHD gain is the only exception. By default, as a hardware protection effort, the gain is set
to zero. This RF signal strength from the b205mini will not be enough to make it through the
attenuator and RF cabling for the ADP5250 to distinguish from the noise floor. Use the slider
bar to increase the gain until the signal is visible on the spectrum analyzer of the ADP5250. The
recommended gain values are 70dB - 90dB(max).

Do not leave the transmitter on for indefinite/extended periods of time as there is no cooling
mechanisms such as a CPU fan on the b205mini. It is recommended to not let the demo run
with the transmitter on for more than 2 minutes at a time with 5 - 10 minutes of a cool down
period in-between.

Talking points to note in this demonstration:

 Again, the Measurements functionality in the WaveForms spectrum analyzer are a
convenient quick way to take measurements.

+ Using the X & Y cursors to measure the power in band and the persistence view to help
evaluate how noisy the signal may be are value initial design prove-in tools. Particularly in the
narrowband space.

W WaveForms (nb_mod _rf_tests) - X
Win

ananananan

nnnnnn

Note: the UHD gain is set to 75.0 for the measurement results show above.

RF Test Demo: Wideband Modulated RF Signal
Measurements

This demonstration encompasses the typical RF test measurements/analysis performed on an
SDR DUT outputting a wideband FM modulated RF signal that the ADP5250 is capable of. The
RF test measurements performed in this demonstration include:

+ Signal to Noise Ratio
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* Noise Floor

+ Aspects of the Measurement/Capture: resolution bandwidth, number of acquisition samples
& frequency, number of visible frequency bins of (except DC), effective number of bits of ADC

+ Power in Band (using X & Y cursors)

+ A list of the top 20 frequency components of the captured signal sorted by respective
magnitude

+ Persistence window to further visualize how noisy the signal may or may not be

The workspace in WaveForms utilizes the X and Y cursor functions to measure where the 3dB
rolloff is on either side of the transmitted signal (which depicts the bounds of the power in the
band of modulated signal) on the Y-axis, then the X-axis cursors measure the bandwidth of the
frequencies covered. This bandwidth represents the signal bandwidth.

Note: the X & Y cursors may need to be adjusted between runs to account for slight variations
in the RF environment.

1. Hardware Setup

Hardware setup is the same as the CW RF Signal Measurement demonstration as outlined
previously in this document. Refer to it if hardware is not already set up.

2. Software Setup

The following files are required for these demonstrations:

* GNU Radio Flowgraph: b205mini_wbfm_pwr_in_band.grc
* WaveForms Workspace: wb_mod_rf_tests.dwf3work

Launch WaveForms and open the wb_mod_rf_tests.dwf3work workspace. It should appear as
shown below. Click the Run button to start the ADP5250 measurement capture.
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Launch GNU Radio and open the b205mini_wbfm_pwr_in_band.grc flowgraph. Click ‘Generate
the flowgraph’ button (the icon to the immediate left of the green play button icon) then click
‘Execute the flowgraph’ button (the green play button icon).

b205mini_wbfm_pwr_in_band - fhome/whitney/b205_mini

Run Tools Help

¢ T m -2 28 B O & S Hp u . mQc

b205mini_rf_tester %  b205mini_nbfm_pwr_in_band %  b205mini_wbfm_pwr_in_band % v Core
» Audio
Options. QT GUI Range QT GUI Range || QT GUIRange || QT GUI Range » Boolean Operators
‘Title: WBFM Power in Band Id: uhd_center_freq | | Id: uhd_samp_rate 1d: uhd_bw »
: uhd_center : uhd_samp : uhd ¢ Byte Operators
Author: whitney Default Value: 1001 | | Default Value: 11 Default Value: 11 Ve op
Output Language: Python Start: 70M Start: 32 start: 0 Start: 1k » Channelizers
Generate Options: QT GUI Stop: 66 Stop: 56M Stop: 90 Stop: 56M » Channel Models
Step: 1M Step: 10k Step: 1 Step: 10k » Coding
QT GUI Range QT GUI Range » Control Port
1d: d: signal_src_samp_rate
Default Value: 48k » DebugTools
Start: » Deprecated
LR » Digital Television
Step: 1k

UHD: USRP Sink » Equalizers

Low Pass Filter Sync: Unknown PPS » Error Coding

lonalSou s WBFM Transmit Decimation: 1 Samp rate (Sps): 1M » File Operators
-

Sample Rate: 48k

Waveform: Cosine. Audio Rate: 48k Gain: 1 ChoO: Cente 1
e Multiply Const Quadrature Rate: 576k Sample Rate: 46k 3 [async_msas ) Filters
BB Amtrude: 3 Constant: 1 Tau: 75u : : : » Fourier Analysis

Max Deviation: 75k : Cho: Antenna: TX/RX

Ceo=0 Preemphasis High Corner Freq: -1 : Cho: Bandwidth (Hz): 1M

Initial Phase (Radians): 0

» GUIWidgets
» Impairment Models
» Instrumentation

UHD: USRP Source
Syne: Unknown PPS

Samp rate (Sps): 1M

Cho: Center Freq (Hz): 100M
[Command| Cho: AGC: Defauit

Cho: Gain Value: 1

Cho: Gain Type: Absolute (dB)
Cho: Antenna: RX2

Cho: Bandwidth (Hz): 1M

» Level Controllers

» Math Operators
Name: » Measurement Tools
Bandwidth (Hz): 1M » Misc
Update Rate: 10 » Modulators

» Networking Tools

» OFDM

» Packet Operators

» Peak Detectors

QT GUI Sink

~Operating over USB 3. »
- Initialize CODEC control... 1d alue Resamplers
~Initialize Radio control... Imports dh| ¥ stream Operators
~Performing register loopback test... pass v Variables 45| ¥ Stream TagTools

- Performing CODEC loopback test... pass » symbol Codin
—Setting master clock rate selection to ‘automatic'. samp_rate 32000 x Y1 9

~ Asking for clock rate 16.000000 MHz... signal_src_fr <Open Properties> %/| ¥ Synchronizers
~Actually got clock rate 16.000000 MHz. signal_src_sa <Open Properties> % Trellis Coding
~Performing timer loopback test... pass Sre : )

~ Asking for clock rate 32.000000 MHz... uhd_bw  <OpenProperties> %/| ¥ Type Converters
~Actually got clock rate 32.000000 MHz. uhd_center_f <Open Properties> %| »UHD

~Performing timer loopback test... pass uhd_gain  <Open Properties> % ¥ Variables

- 1) catch time transition at pps edge > i » vid

~ 2) set times next pps (synchronously) uhd_samp_rz <Open Properties> ® ldeo

- 1) catchtime transition at pps edge » Waveform Generators
- 2) settimes next pps (synchronously) » ZeroMQ Interfaces

len(interp_taps) =816

>>>Done

3. Execution

In the QT GUI window that appears in Gnu Radio (see screenshot below), all of the default
settings are set to match the measurement setup in the Waveforms workspace. If any are
changed such as the UHD center frequency, the settings in the Waveforms workspace will
need to be adjusted to match.
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Display RF Frequencies FFT Size: 1024 ~
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The UHD gain is the only exception. By default, as a hardware protection effort, the gain is set
to zero. This RF signal strength from the b205mini will not be enough to make it through the
attenuator and RF cabling for the ADP5250 to distinguish from the noise floor. Use the slider
bar to increase the gain until the signal is visible on the spectrum analyzer of the ADP5250. The
recommended gain values are 70dB - 90dB(max).

Do not leave the transmitter on for indefinite/extended periods of time as there is no cooling
mechanisms such as a CPU fan on the b205mini. It is recommended to not let the demo run
with the transmitter on for more than 2 minutes at a time with 5 - 10 minutes of a cool down
period in-between.

Talking points to note in this demonstration:

 Again, the Measurements functionality in the WaveForms spectrum analyzer are a
convenient quick way to take measurements.

+ Using the X & Y cursors to measure the power in band and the persistence view to help
evaluate how noisy the signal may be are value initial design prove-in tools.

v Start: (98 MHz | stop: 102 MHz ~ | BINs: Default ~ Al
* Center: [100MHz " spen: Mz M B R

Frequency Magnitude
99,831 MHz 37,3566 dBm
100.17 MHz -37.6834 dBm
49736 MHz -41.4444 dBm
50018 MHz -42.3331 dBm
50,255 MHz 42,982 dBm
90,67 MHz 42,931 dBm
100.33 MHz 44,1648 dBm
968.93 kHz ~48.1675 dBm
44357 MHz -48.9418 dBm
9.0256 MHz -49.1563 dBm
15.923 MHz -49.398 dBm
12 10,574 MHz -49.6009 dBm
1311448 MHz -49.6311 dBm
14 52467 Mz 49,667 dBm
15 3.5095 MHz -49.898 dBm
16 36.56 MHz 49.9222 dBm
17 3.3417 MHz -49.9653 dBm
18 3167 MHz -49.9857 dBm
19 2.0294 MHz 50,1545 dBm
20 21.79 MHz 50,2809 dBm

Type:
Peak Hold Continuous.

wovr: IR w0 Perdsence Components easwraments Y G
Cursors. & X
+Normal Delta =Clear 1~ Show «
Postion et ax " Ty
| S TS 259947 dbm
> o011 SR YT <] 265011 dom rys——— -

Manual Trigger || ADPS250-323FSBB SN:323FSBB USB| JWF3.18.1  Status: OK v,

Note: the UHD gain is set to 77.0 for the measurement results show above.
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