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1. Get a ZCU111 board.
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3. Get a microSD card. Delete all :
files on it, and put the two supplied *
boot files onto it. Insert it into the
ZCU111. (It's usually unnecessary
to format the card, but if you do
use Microsoft “VFAT” format.)

4. Attach an XM500 board to the
ZCU111. Other analog boards
will work, but their features may
not fully match the software.
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2. Select Boot Mode to
UP-DOWN-DOWN-DOWN
(Boot from microSD card)
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Recommended: Local Display

5. Attach a DisplayPort monitor to the ZCU111.
A monitor supporting DisplayPort audio is best.

Most monitors should work. Particularly 6. Attach the USB of your multipoint
recommended is a multipoint touchscreen touchscreen monitor to the ZCU111
monitor, such as the ViewSonic TD2230. USB port. As a fallback, attach a

USB Wheel Mouse. (Or attach both,
using a USB hub.)

Note: Skip these steps to

use BxB Demo 1 with only

a web display. Also, skip the
“Web Display” steps next for
only a local display. If desired,
it is possible to set up both

a local and a web display, and
switch displays dynamically.
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Web Display

7. Use an ethernet cable to attach the
ZCU111 to a router serving DHCP.
The router may also be a WiFi Access

Point. Note: the router may set up an : _ )
isolated private network. It doesn’t display device. Devices connect to
need to connect to the internet. the ZCU111 using a web browser.
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8. Connect a desktop computer, laptop,
or tablet to the router to use as a

Ctrl-D on a
Web Display
will download
a snapshot of
the display.
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For a web display, a browser must
connect to BxB Demo 1 after it boots.
BxB Demo 1 requests the hostname
“rf”, so “http://rf” may work. Alternately,
= check the DHCP server logs for the IP
fil oL SRl address and connect to the IP address.
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http://rf/

BxB Demo 1 Startup

9. Turn everything on. Wait for it to boot. For a web display, also start a
browser and connect it to the ZCU111 via HTTP. After some initialization
steps, you should see the demo startup screen below.

Bit by Bit Signal Processing

Spectrum Analyzer, Oscilloscope,
and Signal Generator Application

,;/{
Terms: Free to read the license in Documents/License; other /"’,,
i’ BxB Demo 1

use is only as allowed by the license. Also ask about:

* Analog System Analyzer/Emulator, Reflectometer : |S now ready

* Transmitters, Receivers, RF Front Ends, and Equalizers
* - for use!
Spectral Routers, Switches, and Beamformers .

Copyright (C) 2021 Bit by Bit Signal Processing LLC
Demo HW 2.0.0, SW 2.0.0. PL DNA 400200000128e7054520e145

Application is Ready!

10. Press in the top left corner to agree to the license terms and go to the main
menu. Read the license terms, but in a nutshell they are:

1. BxB will be paid for the demo Iif it's used after the evaluation period.
2. The user is responsible for using the demo safely and wisely, not BxB.

Whenever you're not at the main menu, pressing in the top left corner will go
to the main menu.
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Examples

The following sections give examples
of how to use BxB Demo 1

Example 1: BPSK generation and spectrum measurement.

Example 2: Sine generation and time measurement.

Example 3: Swept sine generation and time/frequency measurement.
Example 4: White noise generation and cable delay measurement.
Example 5: Bandpass filter transfer function measurement.

Example 6: ADC Channel imbalance measurement.

Example 7. In-app documentation.
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Loopbacks for Examples 1-3

XMSOO Daughterboard Note: BxB chose

3 o not to change the
ADC/DAC numbers
selected by Xilinx,
although they can
be confusing.

oL
1euoouny

Low Frequency Baluns: ADC1 DAC6 DAC7?
High Frequency Baluns: DAC4

Examples 1-3 for BxB Demo 1 assume two loopbacks:
—+» ADCO and —+» ADC1
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Example 1, Step 1

This example shows how to generate and view a BPSK waveform. The
first step is to set up the BPSK waveform on . Go to the main
menu by clicking in the upper left corner, then make these selections:

1. “DAC Control” 2. ” 3. “Sjne” 4., “Constant”
Frequency

Go to Graphs Waveforms Frequency

Sine 1000000 kH
Graph SetuD White Noise o MHZ 5 1 G HZ
zZ

Trigger Source
DAC Control Frequency 1 GHz Center
Constant

LEEumEE Sweep Modulation Rate

Modulation 98304 kbps

None 98.304 Mbps
BPSK

Sine Amplitude

0 dBFS

-6 dBF 3

-12dB
-18 dBF *
-24 dBF<
-30 dBFS
-36 dBFS
-42 dBFS
-48 dBFS

6. “BPSK” 7.“0 dBFS” 8. 100Mbps Modulation Rate. Demo
Modulation Amplitude shows nearest supported value.
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Example 1, Step 2

The next step is to set up a Graph of ADC 0. Make these selections, in
numerical order:

2. “New Graph” 4. "ADC 0
1. “Graph Setup” 3. “Band 1 5. “MHz”
Go to Graphs New Graph Graph Type Sourci s) X Units © Y Units 6 “d Bm”
Graph Setup Graph 0 T e Bins dBFS
. Band 1 ADC 1 GHz dBm
Trigger Source Band 1 Xfer Mag ADC 4 MHz
DAC Control Band 1 Xfer Phase kHz  Averaging
Documents Band 1 Xfer Group Delay ~ ADC 6 '\NA?’Te |
Band 2 ADC inima
N OTE Band 2 Xfer Mag ! s LIEL 7 “H "
Y Unit Band 2 Xfer Phase DAC 1 hi'g: . uge .

r:" 'SA\[a)I'g Band 2 Xfer Group Delay e :;nmf:lseld Thls Waveform
att e. n PACS IS steady, so
mp(;Jts, they averaging helps

0 not make it clearer.
represent
levels prior

to the

baluns.

8. “Go to Graphs” Note: “Band 1" is the 1% Nyquist
zone, 0.0MHz to 1966.08MHz
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Example 1, Last Step

The previous steps will give a Graph of the spectrum of ADC 0, as shown below.
The graph can be adjusted to see desired features by zooming and panning.

Touchscreen controls: Mouse controls:
Two fingers Horizontally: Zoom/pan X Middle Mouse hold & move: pan X &Y
Two fingers Vertically: Zoom/pan 'Y Wheel on graph near X Axis: Zoom X
Two fingers Diagonally: Zoom/pan X & Y Wheel on graph near Y axis: Zoom'Y

Touch gestures with
one finger or three

fingers are reserved
for later expansions.

Mouse gestures with
left or right mouse

buttons are reserved
for later expansions.

Note: waveform corruption
at top frequencies is due to
200 400 600 800 1000 1200 1400 1600 1800 1970 WE{eICHAlols TN AROIR=AEILeNs

MHz from 2" Nyquist. To fix, use
a lowpass filter to cut off
high frequencies.

If you do not see this waveform, check previous steps. Also,
check that the loopback cable is in place from to ADC 0.
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Example 2, Step 1

This example shows how to display time waveforms. The first step is to
set up a sine wave on . Go to the main menu by clicking in the
upper left corner, then make these selections:

1. “DAC Control” 2. * " 3.“Sine” 4. "Constant’
Frequency

Waveform: Frequency

Go to Graphs

Sine
Gr.aph Setup White Noise 00 N 5 10 M HZ
Trigger Source 10 MHz
DAC Control AL 0.01 GHz Frequency

Constant
Documents Sweep

Modulation
None
BPSK

Sine Amplitude

0 dBFS

-6 dBF S

-12dB
-18 dBF *
-24 dBF<
-30 dBFS
-36 dBFS
-42 dBFS
-48 dBFS

6. No Modulation 7. Amplitude
"0 dBFS”
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Example 2, Step 2

The second step is to set up a sine wave on
selections:

1. “DAC Control”

8 May 2021

2. 1]

Go to Graphs
Graph Setup
Trigger Source
DAC Control
Documents

6. No Modulation

3. “Sine”

Waveform:
Sine
White Noise

Frequency
10000.001 kHz
10.000001 MHz
Frequency 0.010000001 GHz
Constant

Sweep

Modulation
None
BPSK

Sine Amplitude

0 dBFS

-6 dBF S

-12dB
-18 dBF *
-24 dBF<
-30 dBFS
-36 dBFS
-42 dBFS
-48 dBFS

7. Amplitude
"0 dBFS”

Make these

4. “Constant”
Frequency

Copyright © 2021 Bit by Bit Signal Processing LLC

5. 10.000001 MHz
Frequency. This
IS 1 Hz more
than on
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Example 2, Step 3

This step sets up a time display of ADC 0 and ADC 1. Make these
selections:

2. Select “Graph 0” 4. "ADC 0" and “ADC 1"

if it already exists,
or “New Graph”

1. “Graph Setup” 3. “Time” 5. “Microseconds”

Go to Graphs Graph Type So .rce(s) X Units Y Units
Graph Setup New Graph Time Samples Raw Value
i r Sourc Gracho Band 1 ADC 1 Milliseconds Volts
gger source ap Band 1 Xfer Mag Microseconds  Millivolts
DAC Control Band 1 Xfer Phase ADC 3 Nanoseconds
Documents Band 1 Xfer Group Delay ADC 4
) Band 2
NOTE Band 2 Xfer Mag ADC 6 6 uMi”iVOItSn
H Band 2 Xfer Phase ADC 7 .
Y U nlts are Band 2 Xfer Group Delay
at the ADC
inputs; they
do not
represe nt
levels prior
to the
baluns.
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Example 2, Step 4

This step sets up a trigger on ADC 0. Make these selections:

1. “Trigger Source” 2. “ADC 0" 3. “Trigger Level” of 40.0 mV

Go to Graphs Trigg 2r Source Trigger Level
Graph Setup 2621.44 Raw Value
Trigger Source ARG 0.04 Volts
DAC Control ADC 3 40 Millivolts

Documents ADC 4

ADC 6
DC7

4. “Go to Graphs”

8 |\/|ay 2021 Copyright © 2021 Bit by Bit Signal Processing LLC 14/ 47



Example 2, Last Step

The ADC 0 waveform from IS captured as it passes the trigger level
(set to 40.0 mV). Data before and after the trigger point is collected. Zero
on the time axis is the time of the triggering event.

ADC 1 Time

Significantly more

_ = data is collected
Pressing = than is shown. To
in the = see the rest,
lower left 700Mm out — as
corner will described in
pause the : Example 1.
graphs. 0.05

Microseconds
The ADC 1 sine wave from is 1Hz higher in frequency than the ADC 0 sine
wave from . Thus it continually slides past the ADC 0 sine wave at a 1Hz rate.
Copyright © 2021 Bit by Bit Signal Processing LLC 15/ 47
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Example 3, Step 1

This example shows how to display useful time and frequency waveforms
simultaneously. The first step is to set up a sine wave on . Go to the
main menu by clicking in the upper left corner, then make these selections:

1. “DAC Control” 2. * " 3. “Sine” 4. "Sweep”
Frequency

Waveform: Min Frequency

Go to Graphs

Si .
Graph Setup V\'/E‘fte Noice 100000 kHz 5 “Min Frequency”
Trigger Source 100 MHz
DAC Control ARETIENIE 0.1 GHz 100MHz

Constant

Documents Sweep Max Frequency

Moduation 1900000 kHz 6. “Max Frequency

None 1900 MHz

BPSK T 1900MHz

Sine Amplitude
0 dBFS Ramp Rate

-6 dBF S 20120.4 kHz/s

ZEEEF“ 1207.224 MHz/min 7. "Ramp Rate”
24 dBFS 20.1204 MHzls 20MHz/second.
i (The nearest
i supported value

-48 dBFS

is displayed.)

8. No Modulation 9. “0 dBFS”
Amplitude
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Example 3, Step 2

The next step is to set up a Frequency Graph of ADC 0. Make these selections:

2. Select “Graph 0" 4. "ADC 0"
if it already exists,

7 ” - y 3 “Band 1” 7] "
1. "Graph Setup” «New Graph > MHZ" e By
Go to Graphs New Graph Graph Type Source(') X Units Y Units
Graph Setup Graph 0 Time Bins dBFS
UME R eliss gz:g 1 Xfer Mag 288 l 3:2 —
DAC Control Band 1 Xfer Phase kHz  Averaging
Documents Band 1 Xfer Group Delay ADC 6 I'\\‘A(.’”.e I
Band 2 ADC inimal
N OTE Band 2 Xfer Mag ! 1 LIEL TV ”
Y 1 Band 2 Xfer Phase DAC 1 ;irg: 7 . M I nlmal .
U nlts are Band 2 Xfer Group Delay Immense Thls Waveform
at the ADC SROE Peak Hold - :
: - th pAce IS time-varying,
mp(;Jts,t €y so large values
0 not of averaging
represent will distort it.
levels prior
to the
baluns.

“Band 1" is the 1% Nyquist
zone, 0.0MHz to 1966.08MHz
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Example 3, Step 3

This step sets up a Time Graph of ADC 0. Make these selections:

2. Select “Graph 1" 4. "“ADC 0"
if it already exists,
or “New Graph”

1. “Graph Setup” 3. “Time” 5. “Microseconds”

Go to Graphs New Graph Graph Type Source(s’ X Units Y Units
Graph Setup Graph 0 Time Samples Raw Value
i r Sourc Grachd Band 1 ADC 1 Milliseconc.s Volts
gge urce ap Band 1 Xfer Mag Microseconds  Millivolts
DAC Control Band 1 Xfer Phase ADC 3 Nanoseconds
Documents Band 1 Xfer Group Delay ADC 4
) Band 2
NOTE: Band 2 Xfer Mag ADC 6 6. “Millivolts”
H Band 2 Xfer Phase ADC 7 .
Y U n|tS are Band 2 Xfer Group Delay
at the ADC
inputs; they
do not
represent
levels prior
to the
baluns.
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Example 3, Step 4

This step sets up a trigger on ADC 0. Go to the main menu by clicking in
the upper left corner, then make these selections:

1. “Trigger Source” 2. “ADC 0" 3. “Trigger Level” of 0.0 mV

Go to Graphs Trigg 2r Source Trigger Level

Graph Setup 0 Raw Value
Trigger Source ADC 0 Volts
DAC Control ADC 3 0 Millivolts

Documents ADC 4

ADC 6
DC7

4. “Go to Graphs”
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Example 3, Last Step

The swept sine waveform from is seen on ADC 0. Its spectrum is a
single peak, with various forms of interference. Some spikes are ADC artifacts
that are independent of the signal. More are from harmonics of the input sine
wave or mixer products between the input sine wave and ADC/DAC sampling
frequencies. The error source can often be identified by how each peak moves
as the input sine wave changes frequency. The ADC noise floor is also seen.

800 1000 1200 1400 ) 1800 1970
MHz

Time

Millivolts

0 002 004 0.06 0.08 0.1 012  0.14
Microseconds

The ADC 0 time waveform expands in and out like an accordion about its trigger
point. This is especially visible at low frequencies. At higher frequencies, Moiré

patterns between the input sine frequency and the sampling frequency can be seen.
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Example 4 measures delay
through CableUnderTest by
connecting to ADCO with/without
CableUnderTest inserted and
measuring delay each way.

CableUnderTest

T

I
:

Coupler

Low Frequency Baluns: ADC1 DAC6 DAC7
High Frequency Baluns: DAC4

1750MHz-1850MHz Bandpass Filter Example 5 measures response

of a Bandpass Filter.
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Example 4, Step 1

This example shows how to generate white noise and measure cable delays.
The first step is to set up white noise on . Go to the main menu by
clicking in the upper left corner, then make these selections:

1. “DAC Control” 2, “ " 3. “White Noise” 4. "+3dBFS Max Amp”

Go to Graphs Waveform: Noise Level
Sine +3 dBFS Max Am
Gr.aph Setup White Noise -11 dBFS Gaussiapn
Trigger Source -17 dBFS Gaussian
DAC Control -23 dBFS Gaussian
Documents -29 dBFS Gaussian
-35 dBFS Gaussian
-41 dBFS Gaussian
-47 dBFS Gaussian
-53 dBFS Gaussian

-59 dBFS Gaussian
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Example 4, Step 2

The next step is to set up a Transfer Function Phase Graph from to
ADC 0. Make these selections in numerical order:
3. Select “New Graph” > From 7. "MHZ"
. ! 6. To “ADC 0”
1. "Graph Setup 4. “Band 1 Xfer Phase” 8. “Cycles”

Go to Graphs New Graph Graph Type To ~ XUnits * Units
Graph Setup Graph 0 Time Bins Cycles
Trigger Source

Band 1 ADC 1 GHz Degrees “ "
Band 1 Xfer Mag ADC4 [ MHz 0. “H uge .
DAC Control Band 1 Xfer Phase kHz  Averaging

Documents Band 1 Xfer Group Delay ADC 6 None A ba|anCe between

Band 2 ADC 7 Minimal

Band 2 Xfer Mag Moderate the mOSt aCCcu rate

Band 2 Xfer Phase Large H
Band 2 Xfer Group Delay Huge read I ng and

immense convergence time.

2. If there are existing

“Band 1" is the 1% Nyquist
graphs, delete them by
oressing “Delete” repeatedly. zone, 0.0MHz to 1966.08MHz
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Example 4, Step 3

The next step is to set up a Transfer Function Group Delay Graph from
to ADC 0. Make these selections in numerical order:

2. Select “New Graph” 4. From 6. “MHZz”
« ] T HAD ”
1. “Graph Setup” 3. “Band 1 Xfer | > J° co
Group Delay” 7. “Nanoseconds”

Go to Graphs New Graph Graph Type To X Units Y Units
Graph Setup Graph 0 Time Bins Nanoseconds

- ADC 1
Trigger Source ~ Graph 1 = C GHz ~ Samples

11 7
Band 1 Xfer Mag ADC4 [ MHz 8. “"H uge .
DAC Control Band 1 Xfer Phase kHz Averaging

Documents Band 1 Xfer Group Delay ADC 6 None A balan ce between
Band 2 ADC 7 Minimal

Band 2 Xfer Mag Moderate the mOSt aCCcu rate

Band 2 Xfer Phase Large

Band 2 Xfer Group Delay Huge read | ng and ]
LGl convergence time.

9. “Go to Graphs”
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Example 4, Step 4

The previous steps will give graphs of the phase and group delay from
ADC 0. This measurement is without the CableUnderTest inserted, and it is
repeated in Step 5 with the CableUnderTest inserted.

The white line shows the x-axis extent of the group delay measurement. The measurement is displayed in the top
right; this matches the time shown on the y-axis of the Group Delay plot. For best measurements, zoom in on the
y axis, then zoom and position the x-axis so that the measurement is in a large region of relative flatness..

Band 1 Xfer Phase

Group Delay
measurement
R 67.998nS

Average delay 67.998ns

800 1000 1200 1400 1600 A Sr_na'” LOSS Of Ilnearlty
MHz at high frequencies is
due to multiple effects,
Band 1 Xfer Group Delay such as “folding” of
Average delay 67.998ns ‘ energy from 2nd NquISt
and uncorrected
I e D e I I M A VAR VA reflections in the cables.
2" Nyquist issues can
L[] be eliminated by adding
800 1000 1200 1400 1600 1800 1970 a |0WpaSS f||ter tO DAC
MHz .
output in the test setup.

Nanoseconds
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Example 4, Step 5

Step 4 is repeated with CableUnderTest inserted, to measure the increased
delay caused by CableUnderTest and the additional required Coupler.

If the connections are changed, the measurements converge faster if you enter the main menu
and exit again. This engages an algorithm that speeds convergence. This may make for a
faster second measurement after CableUnderTest is inserted.

DAC 7 to Band 1 Xfer Phase

Average delay 70.420ns

Group Delay
measurement
70.420nS

800 1000 1200 1400 1600 1800 1970
MHz

DAZ 7 to Band 1 Xfer Group Delay

___ Average delay 70.420ns

Nanoseconds

800 1000 1200 1400 1600 1800 1970
MHz

Note that on the Phase plot, the white measurement line diverges from the measured
phase at the lower frequencies where the measurement is most accurate. To get a better
measurement, move the graph to the right, so the measurement line is better positioned.
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Example 4, Last Step

After adjusting the graph position, the white line more closely matches the phase
plot. This gives a more accurate measurement.

Note that these plots are also capable of showing deviations from linear phase
that may indicate issues with cables or connectors.

DAC 7 to Band 1 Xfer Phase

Average delay 70.408ns
Group Delay
measurement
70.408nS

800 1000 1200 1400 1600
MHz

DAC 7 to Band 1 Xfer Group Delay

_ | Average delay 70.408ns

Nanoseconds

800 1000 1200 1400 1600
MHz

The measurement with CableUnderTest + Coupler is 70.408nS, and the measurement
without them is 67.998nS (from Step 4). So this particular cable and coupler together
have a delay of 70.408nS — 67.998nS = 2.41nS.
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Example 5, Step 1

This example measures the magnitude, phase linearity, and group delay of a
bandpass filter. The first step is to set up white noise on . Make the
required cable connections for Example 5 that were shown on an earlier
slide. Then go to the main menu and make these selections:

1. “DAC Control” 2, “ " 3. “White Noise” 4. "+3dBFS Max Amp”

Go to Graphs Waveform: Noise Level

Sine +3 dBFS Max Amp
Graph Setup White Noise -11 dBFS Gaussian

Trigger Source -17 dBFS Gaussian
DAC Control -23 dBFS Gaussian
Documents -29 dBFS Gaussian
-35 dBFS Gaussian
-41 dBFS Gaussian
-47 dBFS Gaussian
-53 dBFS Gaussian
-59 dBFS Gaussian
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Example 5, Step 2

The next step is to set up a graph of the spectrum of ADC 1 and
Make these selections in numerical order:

3. Select “New Graph”
1. “Graph Setup”

5. “ADC 1" 7. “MHz"
4. “Band 1" 6. " i 8. “dBFS”

Go to Graphs Graph Type Source(s) X Units = Y Units

Graph Setup New Graph  Time Bins dBFS

: Band 1 ADC 1 GHz = dBm
[13 1
Trigger Source [ Graph 0 Band 1 Xfer Mag ADC 4 MHz 9. “H uge”.

DAC Control Band 1 Xfer Phase kHz  Averaging

Documents Band 1 Xfer Group Delay ~ ADC 6 None A balance between
Band 2 ADC 7 Minimal

Band 2 Xfer Mag Moderate the most accurate

Large

Band 2 Xfer Phase DAC 1 BB read | ng and

Band 2 Xfer Group Delay

Immense

DAC 3 Poak Hold convergence time.
DAC 6

DAC 7

2. If there are existing
graphs, delete them by
pressing “Delete” repeatedly.
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Example 5, Step 3

The next step is to set up a Transfer Function Magnitude Graph from
to ADC 1. Make these selections in numerical order:

4. From “ "

5. To“ADC 1”
3. “Band 1 Xfer Mag” 7 “dB”

2. Select “New Graph”
1. “Graph Setup”

6. “MHZz"

Go to Graphs Graph Type To XUnits Y Jnits

Graph Setup New Graph ~ Time Bins dB
Band 1 ADC 1 GHz

Trigger Source  Graph 0 Band 1 Xfer Mag ADC4 | MHz Averaging 8. “Huge”.
DAC Control Graph 1 Band 1 Xfer Phase kHz  None
Documents Band 1 Xfer Group Delay ADC 6 Minimal A ba|anCe between

Band 2 ADC 7 Moderate

Band 2 Xfer Mag Large the most accurate

Band 2 Xfer Phase Huge

Band 2 Xfer Group Delay Immense read | ng and .
convergence time.
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Example 5, Step 4

The next step is to set up a Transfer Function Phase Graph from to
ADC 1. Make these selections in numerical order:

4. From “ "
5. To“ADC 1”

2. Select “New Graph” 6. “‘MHz"

1. “Graph Setup”

3. “Band 1 Xfer Phase” 7. “Cycles”

Go to Graphs Graph Type To XUnits  * Units

Graph Setup New Graph ~ Time Bins -~ Cycles
Band 1 ADC 1 GHz Degrees

Trigger Source  Graph 0 Band 1 Xfer Mag ADC 4 M 8 “Huge”.
DAC COﬂtI’Ol Graph 1 Band 1 Xfer Phase kHz Averaging

Documents Graph 2 Band 1 Xfer Group Delay ADC 6 None A balance between

Band 2 ADC 7 Minimal

Band 2 Xfer Mag Moderate the mOSt aCCcu rate

Band 2 Xfer Phase Large

Band 2 Xfer Group Delay Huge read | ng and ]
LGl convergence time.
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Example 5, Step 5

The next step is to set up a Transfer Function Group Delay Graph from
to ADC 1. Make these selections in numerical order:

2. Select “New Graph” 4. From 6. “MHZz”
« . To“ADC 1”
1. “Graph Setup” 3. “Band 1 Xfer °. 10
Group Delay” 7. “Nanoseconds”

Go to Graphs Graph Type To X Units Y Units

Graph Setup New Graph  Time Bins = Nanoseconds
Band 1 ADC 1 GHz Samples

Trigger Sourc. Graph 0 Band 1 Xfer Mag ADC 4 M 8 “Huge”.
DAC COﬂtI’Ol Graph 1 Band 1 Xfer Phase kHz Averaging

Documents Graph 2 Band 1 Xfer Group Delay ADC 6 None A balance between

Graph 3 Band 2 ADC 7 Minimal

Band 2 Xfer Mag Moderate the mOSt aCCcu rate
Band 2 Xfer Phase Large read | ng and

Band 2 Xfer Group Delay Huge

immense convergence time.

9. “Go to Graphs”
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Example 5, Step 6

The previous steps will give the graphs shown below. Yours may vary if you

have a different bandpass filter.

Measurement amplitudes at some frequencies are
below -110dBFS. Amplitude/phase measurement
of the filter is unreliable at these amplitudes.

ADC 1 DAC 6 Band 1

1000 1970

MHz

1500

DAC 6 to ADC 1 Band 1 Xfer Mag
(0]

)
-60
-80

1000 1970

MHz

1500

The transfer magnitude plot is similar to subtracting the

8 May 2021

Nanoseconds

Measured phases at low
frequencies are detected to be
random due to noise, and thus
are unwrapped and not used for
measurements.

DAC 6 to ADC 1 Band 1 Xfer Phase

Put good phases in center to measure delay

1000
MHz

1500 1970

DAC 6 to ADC 1 Band 1 Xfer Group Delay

150
Put good phases in center to measure delay

100
50 M

0
(0] 1500

1970

No Group Delay
measurement because
it is only made in the
center % of the graph
window and the only
good values from the
filter are off center.

Filter group delay is
shown. There is no
white line for the
measurement and the
measurement isn’t
shown because the
filter is off center in the
plot. Also, frequencies
where no good value
could be measured are
omitted from the graph.

from the ADC 1 spectrum. However, the transfer
measurement suppresses interference and extends dynamic range. Note that in the “Band 1” spectrum plot the filter
amplitude varies from -70dBFS to -115dBFS, which is a difference of 45dB. The “Band 1 Xfer Mag” plot shows filter
amplitude from -25dB to -80dB, a difference of 55dB. So an extra 10dB of measurement range was gained.

Copyright © 2021 Bit by Bit Signal Processing LLC
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Example 5, Step 7

Zooming in allows the white measurement line to be positioned in the passband
of the filter, for a measurement of the group delay through the filter in its
passband.

Putting the filter passband in the graph center

makes the measurement line appear with a
corresponding Group Delay measurement.

ADC 1 DAC 6 Band 1 | PHEE T ARE T e NEPFesD Measured group delay is
N T T A ‘ Average delay 78.747ns | approximately 78.747nS.
ADC - DAC delay must
S be measured and
subtracted from this to
117 N 0 A obtain the filter delay.

1694 1750 1800 1850 1708 1750 1800 1850

Mz Mz This can be done by

repeating the
DAC 6 to ADC 1 Band 1 Xfer Mag oy DABO®AEE | Bas) ) 357 Eron Beley measurement after
1 S B Average delay 78.747ns removing the filter from
the line.
B4

1 S

Nanoseconds

1708 1750 1800 1850 1891 1708 1750 1800 1850 1891
MHz MHz

This filter provides at least 55dB of stopband attenuation (from the last slide). It may provide more attenuation, but
that is beyond the measurement range with this setup. To measure further, higher signal amplitude could be
generated using amplifiers (being careful to not exceed ADC input ranges) or by concentrating the DAC energy in a
smaller range of frequencies.
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Example 5, Step 8

To explore the filter response at its lower edge, you can put more energy at

the lower edge using these selections:

7. Min Freq 1650MHz

2. “ ” 4. “SWeep”
1. “DAC Control” 3. “Sine” 5. “BPSK”
6. “0OdBFS”

Go to Graphs Waveform
Sine

Graph Setuy White I i »
Trigger Sou.. =
DAC Control

Freque 7/
Constar.

Documents Sweep

Modulatios
None
BPSK

Sine Amplitu: ¢

0 dBFS

-6 dBFS

-12 dBFS
-18 dBFS
-24 dBFS
-30 dBFS
-36 dBFS
-42 dBFS
-48 dBFS

Min Frequenc
1650000 kHz
1650 MHz
1.65 GHz

Max Frequency
1690000 kHz
1690 MHz
1.69 GHz

Ramp Rate
59923.8 kHz/s
3595.428 MHz/min
59.9238 MHz/s

Modulation Rate
1998.04878 kbps
1.99804878 Mbps

11. “Go to Graphs”

8. Max Freq 1690MHz

9. Ramp Rate
60Mbps (closest
available value
IS shown)

10. Modulation Rate
2Mbps (closest
available value
IS shown)
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Example 5, Last Step

Changing from white noise to a swept BPSK signal allows more energy to be put
in desired places to explore the filter response in regions of high cutofft.

DAC energy is now concentrated in a frequency
region for which the filter is difficult to measure.

ADC 1 DAC 6 Band 1 DAC 6 to ADC 1 Band 1 Xfer Phase
T T 7 7 T T 1 T 1 7 71 Average delay 80.084ns
Response
is below
the noise
threshold. B e e s s 12
1643 1660 1680 1700 1720 1740 1760 1780 1797 1643 1660 1680 1700 1720 1740 1760 1780 1797
MHz MHz
DAC 6 to ADC 1 Band 1 Xfer Mag DAC 6 to ADC 1 Band 1 Xfer Group Delay
ProceSSing 176 7/\/ i 199 Average delay 80.084ns
pulls a useful 40 / g 0 =
' 3 ——
2 |

-100.9 3

1643 1660 1680 1700 1720 1740 1760 1780 1797 1643 1660 1680 1700 1720 1740 1760 1780 1797
MHz MHz

By concentrating the energy, the filter response can be explored in regions of high attenuation. Here we see a
passband response of around -23dB, with a stopband response at the lower edge of the filter of around -100dB. So it
can now be seen that this filter attenuates by nearly 80dB at stopband frequencies, to the limit of the measurement
capability without amplification.
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XM500 Daughterb
v/

Matched
Cables

210K
3
3
¥
L
3

Low Frequency Baluns: ADC1 DAC6 DAC7 =3
High Frequency Baluns: DAC4

1800MHz Lowpass Filter

Example 6 measures ADC 0/
ADC 1 channel balance.
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Example 6, Step 1

This example shows how to measure ADC balance. After setting up the cables
as shown in the last slide, the first step is to set up white noise on . Goto
the main menu by clicking in the upper left corner, then make these selections:

1. “DAC Control” 2, “ " 3. “White Noise” 4. "+3dBFS Max Amp”

Waveform: Noise Level

Sinr_e _ +3 dBFS Max Amp
White Noise -11 dBFS Gaussian

Go to Graphs
Graph Setup

Trigger Source -17 dBFS Gaussian
DAC Control -23 dBFS Gaussian
Documents -29 dBFS Gaussian

-35 dBFS Gaussian

-41 dBFS Gaussian
-47 dBFS Gaussian
-53 dBFS Gaussian
-59 dBFS Gaussian
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Example 6, Step 2

The next step is to set up a Transfer Function Magnitude Graph from ADC 0
to ADC 1. Make these selections in numerical order:

2. Delete other graphs, 4. Erom “ADC 0" 6 “MHy”
then select “New Graph” : z
1. “Graph Setup” 5. To"ADC 17
| g P 3. “Band 1 Xfer Mag’ 7 «dB”

Go to Graphs Graph Type To XUnits Y Jnits

Graph Setup New Graph ~ Time Bins dB
Band 1 ADC 1 GHz

Trigger Source  EEISRING Band 1 Xfer Mag ADC4 | MHz Averaging 8. “Huge”.
DAC Control Band 1 Xfer Phase kHz None
Documents Band 1 Xfer Group Delay ADC 6 Minimal A ba|anCe between

Band 2 ADC 7 Moderate

Band 2 Xfer Mag Large the most accurate

Band 2 Xfer Phase Huge

Band 2 Xfer Group Delay Immense read | ng and .
convergence time.

Note: A transfer function from ADC 0 to ADC 1 only works because
they are driven by the same source ( ).
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Example 6, Step 3

The next step is to set up a Transfer Function Phase Graph from ADC 0 to
ADC 1. Make these selections in numerical order:

4. From “ADC 0”

2. Select “New Graph” 6. “‘MHz"
« . To “ADC 1”
1. “Graph Setup” 3. “Band 1 Xfer °. 10 C
Phase” 7. “Degrees’”

Go to Graphs New Graph Graph Type To . XUnits  * Units
Graph Setup Graph 0 Time Bins Cycles

- ADC 1
Trigger Sourcc  Graph 1 Band 1 C GHz ~ Degrees

11 7
Band 1 Xfer Mag ADC4 [ MHz 8. “"H uge .
DAC Control Band 1 Xfer Phase kHz  Averaging

Documents Band 1 Xfer Group Delay ADC 6 None A ba|anCe between
Band 2 ADC 7 Minimal

Band 2 Xfer Mag Moderate the mOSt aCCcu rate

Band 2 Xfer Phase Large

Band 2 Xfer Group Delay Huge read | ng and ]
LGl convergence time.

9. “Go to Graphs”
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Example 6, Step 4

The graph shows the response of ADC 1 relative to ADC 0.

Zooming in on the y-axis shows differences between channels of up to 0.7dB in magnitude, 5 degrees in
phase, and 0.013nS in group delay. These differences are small but possibly significant. For example,
assume ADC 0 was at 0dBm = 1mW which corresponds to 223.6mV in a 50Q system. Then a +0.7dB
difference on ADC 1 puts it at 223.6 * 10°(0.7/20) = 242.4mV. The error signal has a level of 242.4-223.6 =
18.8mV. In dBm, the error is at 20l0g10(18.8mV/223.6mV) = -21.5dBm. Not very low at all!

to ADC 1 Band 1 Xfer Mag

800 1000 1200 1400 1600 1800 1970
MHz

to ADC 1 Band 1 Xfer Phase

Average delay 0.013ns

800 1000 1200 1400 1600 1800 1970
MHz

Beamforming and interleaved sampling are affected by the magnitude, phase, and group delay
imbalances seen here. It's important to understand the level of imbalance to know whether the effect can
be ignored for the target application or whether it must be corrected for.
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Example 6, Last Step

The graph shows the response of ADC 1 relative to ADC 0, with the ADC 1 and
ADC 0 inputs swapped from the previous graph.

The graphs with inputs swapped should be the same if all deviations are in the XM500/ZCU111 rather than
in the test apparatus. Flipping back and forth with the previous slide, one can see that some things
change, such as ripple amplitude. These changes are likely the effect of splitter imbalance. Other things
are reasonably consistent, such as group delay and ripple peak location. These likely indicate real
channel imbalances.

to ADC 1 Band 1 Xfer Mag

0.010nS delay between
channels is reasonably
consistent, and thus is
800 1000 1200 1400 1600 1800 1970 unIiker to be in the
MHz splitter. It appears
to ADC 1 Band 1 Xfer Phase there |s_a small tl.me
delay difference in the
analog chain between
the two ADCs. This
could also be due to
slightly different

1000 1200 1400 1600 1800 1970 samp“ng times.
MHz

Average delay 0.010ns

An unequal split in the splitter degrades the usefulness of this method. However, it still gives a good
indication of ADC imbalance. When the split between channels is part of what is being tested, such as a
channel that is split in two to be sampled by different interleaved ADCs, then this is a great test.
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Example 7, Step 1

This example shows how to access the built-in documentation. Make the
following selections from the main menu:

1. “Documents” 2. “License”

Go to Graphs

Graph Setup

Trigger Source  License

DAC Control XM500 Connections
Documents BxB Demo 1 Quickstart
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Example 7, Step 2

You should now see a copy of the License for BxB Demo 1, presented
directly on the screen from BxB Demo 1.

Click/touch on the left side of the screen to go back one page.
Click/touch on the right side of the screen to go forward one page.
(Doesn’t work for the License, since it is a 1-page document.)

Click on the top
left to return to the
main menu.

22N .
Bit by Bit Signal Processing ,“ A M I d d | e m O use

BxB Demo 1
End User License Agreement (“EULA”)

= button or two-

Bit by Bit Signal Processing LLC (“BxB”) grants a License to User to run the “BxB Demo 1”
application (“Application”) on a Xilinx ZCU111 board owned by User (“Board”) whenever the User

meets all terms in this EULA. The Application is also known as the “Spectrum Analyzer, -
Oscilloscope, and Signal Generator Application”. .
Free Evaluation and License Fees

Following a free evaluation period, User is only Licensed to run the Application on a Board after

Application. The license fee is paid to BxB for each Board on which the Application is run. Boards

are distinguished by their “PL DNA”, which is a unique identifier built into each Board and

displayed on the boot screen of the Application. Payment to BxB of the current license fee for a
specific PL DNA allows User to run the Application on the Board with that PL DNA under the terms Wa ra S O
of this EULA. The license fee payment is for that Board’s PL DNA, is considered part of the Board, .
and is sold with the Board if the Board is sold. Licenses are not otherwise transferable. License fees

may be changed by BxB at any time prior to payment, and may be different for different Users.

. Suitability for a Purpose

The Application is an i not a finished product, and thus the Application is
in an as-is condition with known issues and deficiencies. BxB does not certify that the Application

is suitable for any particular purpose. Thus User is only Licensed to run the Application if User .
independently tests, evaluates, and certifies that the Application is suitable for all purposes for which O e a n
it will be used, if User is qualified to make such an assessment, and if User assumes all .
responsibility for risks, liability, and potential damages for such use.
. Responsibility for the Hardware and Network )
User s only Licensed to run the Application when User verifies that the Board and any connected C al l e 2 O O I I l e
hardware o network is fully protected from damage from Application bugs as well as from mistakes
by User. This includes but is not limited to making sure that the Board has adequate heat sinks and

cooling, that the Board is kept in a static-free environment, that voltages applied to the Board cannot .
be in ranges that will damage the Board, that any voltages that can come out of the Board cannot be I n e e n e n
in ranges that will damage other equipment, and that if the Board is connected to a network then all L)
equipment is fully protected against networking issues, including but not limited to active threats

such as computer viruses and malware.
ocument aspect

User is only Licensed to run the Application if User takes all necessary measures to prevent damages
and liability from use of the Application, indemnifies BxB from all damages and liability, holds BxB

harmless for all damages and liability, and covenants that the sole remedy for any claim against BXB
i return of the license fee paid, or US$1, whichever is more.

. Entire Agreement; Governing Law
This is the entire License agreement between BxB and User. No rights are granted or relationships

established except as stated. The License is granted according to the laws of the State of Arizona. I ' lal ntal n ed
.

Page 1 of 1

Click/touch on the screen, then hold and move to go to a page
In the document proportional to the screen x position.
(Doesn’t work for the License, since it is a 1-page document.)
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End of Examples

* This Is the end of prepared examples

* The examples showed BxB Demo 1 operation

- How to generate signals and make measurements

e BxB Demo 1 is a useful lab instrument

No ZCU111 need ever be shelved from obsolescence!
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BxB Demo 1 Features

Display Types and Features:
* Local DisplayPort monitor
* Remote web browser
» Connect local plus multiple web displays
» Switch between active displays
 Hotplug displays
Input Types and Features:
 Multitouch touchscreen
* Single touch touchscreen
» Wheel/Scroll Mouse
» Connect and use multiple input devices
» Hotplug input devices
Network Types:
» Ethernet with external router and DHCP
» WiFi sourced from BxB Demo 1 ZCU111
* Requires Netgear WNDA4100
* WiFi “BxB_Demo”, PW bitbybit, http://rf
Functions:
» Spectrum Analyzer; 1.96608GHz BW
* Nyquist Zone 1 or Zone 2
» Network Analyzer
 Transfer functions, filter shapes
* Phase and group delay
* Oscilloscope; 16 usecond time capture
* Function Generator: Sine; Random Noise
« Documentation Viewer
Graph Features:
» Time and frequency graphs
» Multiple graphs, automatic arrangement
» Multiple signals on each graph

8 May 2021

Graph Selections:

* Source

» Reference (Xfer functions only)

o X Axis Units

* Y Axis Units

» Averaging mode (Spectrums only)

» Peak Hold (Spectrums only)
Oscilloscope Triggering Selections:

» Source (or Free Run)

* Trigger Level
Function Generator Selections:

* DAC number (all 8 work simultaneously)

» Enable/Disable

» Constant Frequency / Sweep

* BPSK Modulation / None

* Amplitude (in 6dB steps)

* Frequency (two for sweep mode)

» Ramp Rate (sweep only)

* Modulation Rate (BPSK only)
Graph Actions:

» Zoom / Pan

» Pause

» Doodle (Local Display only)

» Download SVG (ctrl-D; Web Display only)
Document Actions:

 Select document to view

» Zoom / Pan

» Page Forward / Reverse / Select
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