ANALOG
DEVICES

EVAL-ADMX6020 1 GSPS Digitizer Module Evaluation Board

FEATURES

» Complete digitizer solution including FPGA
» Two differential DC-coupled inputs
» Compact form-factor: 2.2in x 3.4in
» Broad sampling rate:
» 1GSPS (8-bit) (1 nanosecond resolution)
» 640MSPS (12-bit)
» 105MSPS (14-bit)
» Wide frequency data capture from DC to 500MHz
» Inputrange: -0.4to +2V
» Built-in nonvolatile memory
» Programmable trigger functionality
» SPI, USB, and I2C interfaces for control and data offloading

HARDWARE REQUIREMENTS

» ADMX6020M digitizer module board
» EVAL-ADMX6020 digitizer evaluation carrier board
» 2x Micro-USB cables
» 12V power adapter
» Host PC
» SMA cable(s)
» Ethernet cable(s)
» Low-noise source (for calibration only)
» DC power supply or signal generator capable of generating a

low-noise voltage sweep with appropriate source impedance
across desired calibration range

» Remotely configurable using VISA or other Python-compatible
interfaces over GPIB, USB, Ethernet, or other communication
protocol

PLEASE SEE THE LAST PAGE FOR AN IMPORTANT
WARNING AND LEGAL TERMS AND CONDITIONS.

SOFTWARE REQUIREMENTS

The following software tools, available on the product webpage,
must be installed on the host PC for configuration, control, and data
collection:

» Terminal application capable of opening a serial connection
» Recommended: PuTTY
» Analog Devices, Inc., PlutoSDR USB Drivers
» Download PlutoSDR-M2k-USB-Drivers.exe
» LibllO
» Click show all assets and download libiio-0.25.9b6028fd-
setup.exe
» Python 3.11.5
» Download Windows Installer (64-bit)
» Git for Windows
» Copy of the ADMX6020 project folder
» Download from Software Distribution Platform (SSD)

GENERAL DESCRIPTION

The ADMX6020M is a complete 2-channel digitizer module solution
capable of sampling up to 1GSPS with configurable sampling

rates and bit resolutions. The module features the ADA4817 input
buffer amplifier, the AD5696 digital-to-analog converter (DAC), the
LTC6409 driver amplifier, and the HMCAD1520 analog-to-digital
converter (ADC) for a low-noise input signal chain capable of
handling inputs from -0.4V to +2.0V with adjustable DC-offsetting.
With an on-board field programmable gate array (FPGA), nonvola-
tile memory and programmable trigger functionality, data can be
automatically sampled, stored, and offloaded over USB.

The EVAL-ADMX6020 provides an evaluation platform for the
ADMX6020M digitizer module with USB interface, coaxial signal
input connectors, and externally exposed 12C and SPI communica-
tion links to the module board.
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EVALUATION BOARD PHOTOGRAPH

Figure 1. Digitizer Module Board ADMX6020M and Evaluation Carrier Board EVAL-ADMX6020
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INITIAL SETUP

To set up and use the ADMX6020 digitizer module for the first time,
proceed through the following instructions:

1. Plug in the module board.

» Plug the module board into Connector P1 on the carrier
board as shown in Figure 1.

2. Connect the carrier board to the host PC.

» Connect the Micro-USB cables between the host PC and
carrier board Connector P2 and Connector P3. These cables
must remain connected at all times when using the digitizer
module.

3. Power on the digitizer module.

» Ensure that the carrier board switch states are in the correct
positions:
» S2 to Position 0.
» S5 to Position 1.

» Connect the 12V power adapter to Connector P6 on the
carrier board. The following light-emitting diodes (LEDs) turn
on as described:

» Carrier board LEDs DS1, DS3, DS5, DS6, and DS8 turn
green.

» Carrier board LEDs DS2 and DS9 turn red.
» Module board LED DS3 turns green.

» If the module board has been imaged, LED DS2 turns
blue.

4. Open a serial connection to the digitizer module.

» Open device manager on the host PC and identify the
COM port of the connected digitizer module. It displays as
PlutoSDR Serial Console.

» Using a terminal application such as PuTTY, open a serial
connection to the identified COM port with a baud rate of
115200. Once open, you may have to select enter before
anything appears in the terminal window.

» To login, enter the following information:

> » Username: root.

» Password: analog.

» The terminal window matches the window as shown in Fig-
ure 2.

analog.com
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Figure 2. ADMX6020 Terminal Window

. Determine the IP address of the module board.

» Enter ifconfig in the terminal window to determine the IP ad-
dress of the digitizer module. The IP address is 192.168.2.1
by default.

» Confirm that a connection has been established between
the host PC and module by pinging the address from a
local terminal. If you do not receive a reply, ensure that the
PlutoSDR drivers are installed and up to date.

= Comman d Prompt X 4+ v

Microsoft Windows [Version 10.0.22631.7079]
(c) Microsoft Corporation. All rights reserved.

C:\Users\msherman>ping 192.168.2.1

Pinging 192.168.2.1 with 32 bytes of data:

Reply from 192.168.2.1: bytes=32 time<lms TTL=64
Reply from 192.168.2.1: bytes=32 time<lms TTL=64
Reply from 192.168.2.1: bytes=32 time<lms TTL=64
Reply from 192.168.2.1: bytes=32 time<lms TTL=64

Ping statistics for 192.168.2.1:
Packets: Sent = 4, Received = 4, Lost = 0@ (0% loss),

Approximate round trip times in milli-seconds:
Minimum = Oms, Maximum = Oms, Average = Oms

C:\Users\msherman>

Figure 3. ADMX6020 Connection Test
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HOST PC SOFTWARE CONFIGURATION

To configure the software environment for control of and data » Open the Windows command prompt by entering emd into

acquisition from the digitizer module, proceed through the following the Start menu search box.

instructions. This process handles the environment setup the first » Navigate to the admx6020-app directory in the scripting

time it is run, and then it can be used to configure and control the folder using the cd command.

ADMX6020 digitizer as described in the Capture Data Using the 2. Run the ADMX6020 application.

Graphical User Interface (GUI) section. » Run the admx6020-run batch file. When running the file for

1. Download the ADMX6020 folder to the host PC. the first time, it will set up a Python virtual environment and
» Select a location for the ADMX6020 folder downloaded from install all required packages. Once this process completes,

the Software Distribution Platform (SSD). the ADMX6020 GUI opens in the PC’s default browser.
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SYSTEM BOOT AND FIRMWARE UPDATE INSTRUCTIONS (OPTIONAL)

The FPGA on the module board loads an image saved to the
nonvolatile memory via quad serial peripheral interface (QSPI)
when power is applied to the board. All boards must be preimaged
with the latest software for control and configuration.

There are two ways to update the firmware, as follows:

1. Use the web application.
a. Navigate to the settings page.

o020

Figure 4. Web Application Ul

b. Select Choose firmware bundle from the Firmware Up-
date section.

Firmware update

v0.1.0-a.1-4-g3523

&, Choose firmware bundle (.zip)

Figure 5. Firmware Update Panel in Settings
c. The release package has an associated firmware bundle.
Choose the desired firmware.zip file and select Apply
Update.

602 reesse01.0:01 > admSO2D releaser010-21 > femware

uu
a
® |

Fie name: Compressed (sipped) Flder

Figure 6. Explorer to Select Firmware Bundle

d. An overlay will show with the update status and can take ~4
minutes.
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Firmware update in progress

uploading: 1,966,080/23,493,028 bytes (8%)

Figure 7. Firmware Update Progress Indicator

e. The web application refreshes, automatically reconnects,

and shows the updated firmware version.

System Information

ADMX6020

High-Speed Digitizer

1.0.0

v0.1.0-a.1

Figure 8. Updated Firmware Version

2. Use the Python API.
a. Open the Python APl in the terminal and activate the virtual

environment.

Figure 9. Terminal with Activated Virtual Environment

b. Execute the command (highlighted in yellow) with a firm-
ware bundle (highlighted in green) as shown in Figure 10.

Figure 10. Example Run for Updating Firmware

0z

025

026

c. Execute the command. The firmware will take ~4 minutes to

complete. Note that ERROR in the last line covers a stale

handle on reboot and can be ignored.

[ 65.8s] flashing_fw
[ 68.3s] flashing_fw
[ 71.7s] flashing_fw
[ 75.8s] flashing_fw
[ 78.4s] flashing_fw
[ 81.5s] flashing_fw
[ 85.8s] flashing_fw
[ 88.5s] flashing_fw
[ 91.6s] flashing_fw
[ 93.9s] flashing_fw
[ 97.1s] flashing_fw
[ 100.6s] flashing_fw
[ 103.7s] flashi W
[ 106.9s] flashing_fw
[ 110.8s] flashing_fw
[ 113.5s] flashing_fw
[ 116.7s] flashing_fw
[ 119.9s] flashing_fw
[ 123.0s] flashing_fw
[ 126.1s] flashing_boot
[ 127.7s] rebooting

[ 135.7s] rebooting

[ 146.2s] rebooting

[ 144.7s] rebooting

[ 149.2s] rebooting

[ 150.7s] verifying

[ 151.2s] idle

~12 MB to mtdblock3)
~12 MB to mtdblock3)
MB to mtdblock3)
flashing firmware (~12 MB to mtdblock3)
~12 MB to mtdblock3)
~12 MB to mtdblock3)
e (~12 MB to mtdblock3)
~12 MB to mtdblock3)
~12 MB to mtdblock3)
~12 MB to mtdblock3)
e (~12 MB to mtdblock3)
~12 MB to mtdblock3)
e (~12 MB to mtdblock3)
e (~12 MB to mtdblock3)
e (~12 MB to mtdblock3)
~12 MB to mtdblock3)
~12 MB to mtdblock3)
flashing firmware (~12 MB to mtdblock3)
flashing firmware (~12 MB to mtdblock3)
flashing bootloader (mtdblocke/1)
device rebooting
waiting for device to come back online
waiting for device to come back online
waiting for device to come back online
waiting for device to come back online
verifying firmware version
upgraded to v@.1.0-a.1

Upgrade complete: vO.1.6-a.1 -> v0.1.6-a.1

RROR: Unable to send command:

Figure 11. Firmware Update and Complete Status

Unknown error (10054)
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CALIBRATE THE DIGITIZER MODULE (OPTIONAL)

The ADMX6020 digitizer module supports user-defined, source-ag-
nostic, DC voltage calibration. To utilize the calibration framework,
an appropriate calibration source must be provided that matches
the criteria described in the Hardware Requirements section. The
calibration framework script, cal_framework.py, can be modified
with user-written code to connect to the calibration source and
implement a calibration voltage sweep. The captured data is saved
as a .json file that can be loaded into Analog Devices-provided

or user-written scripts for calibrated measurements. Default calibra-
tions for a -400mV to +400mV input range with either 0Q or 50Q
source impedance are provided.

1. Set up the calibration source.

» Connect a communication cable from the host PC to the
low-noise calibration source. Depending on the source, this
connection can be established over Ethernet, USB, GPIB,
or any other communication link supported with a Python
library.

» Confirm that the calibration source is connected to the host
PC over the desired communication interface.

2. Connect the calibration source.

» Connect a Subminiature Version A (SMA) cable from the
OUT1 port of the calibration source to the RFIN1P connector
of the carrier board (J5).

» Terminate the negative input RFINTN of the carrier board
(J4) with the same impedance presented by the calibration
source.

3. Set up the calibration python script.

» In the ADMX6020 app examples folder, open cal_frame-
work.py.

» Define desired calibration parameters as shown in Figure 12.

Figure 12. Calibration Parameter Settings

analog.com

Add relevant code to the script for configuration and control
of the calibration source in each section marked user de-
fined. This includes the following:

» Source connection setup (line 46), as shown in Figure 13.
» DC voltage sweep (line 53), as shown in Figure 13.
» Offset voltage adjustment (line 75), as shown in Figure 13.

» Set the upper and lower voltage levels across which to
calibrate using the range_min and range_max variables.

Figure 13. User-Defined Calibration Settings
4. Run the calibration script
» Run the cal_framework.py script. Once complete, a .json
file containing calibration coefficients is saved to the calibra-
tion folder within the ADMX6020 directory.
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CAPTURE DATA USING THE GRAPHICAL USER INTERFACE (GUI)

1. Connect a source.

» Connect an input signal to the carrier board to Connector
RFIN1P and Connector RFINTN (J4 and J5) to apply a signal
to ADC 1, or connect a signal to Connector RFIN4P and
Connector RFIN4N (J15 and J16) to apply a signal to ADC 2.
» For single-ended measurements, terminate the negative

input connector with 50Q.
2. Start the GUI.
» Run the admx6020-run batch script.

» The browser window opens displaying the menu shown in
Figure 14.
3. Configure measurement parameters.
» Apply the desired measurement settings using the text boxes
in the GUI. The list of options is as follows:
» Buffer size—enter the desired capture length, in samples.

The maximum available buffer size is 65536.

» Resolution—select from 1GSPS/8-bit, 640MSPS/12-bit,
or 105MSPS/14-hit.

» Note that the module must be restarted for this change
to take effect. Initiate a restart using the Restart button
at the bottom of the GUI window.

» Channel options—enable Ch 0, Ch 1, or both to select the
active measurement channel(s).

» A voltage offset can be specified for each channel. If
using a calibration file, this will automatically be set to
the offset used during the calibration and must not be
modified.

» Trigger—select one channel to be the trigger source.

Choose between Rising, Falling, or Threshold to select

a trigger method.

» For Rising and Falling modes that trigger on a transi-
ent edge, a single threshold voltage must be selected.

» For the Threshold trigger, high and low threshold vol-
tages can be selected.

» The number of pre-trigger samples to be displayed can
be selected using the Pre-trigger slider

analog.com

» A holdoff between trigger events can be specified in
ms, that takes effect if using Repeat capture mode.

» Views—select between time domain waveform display,
frequency-domain spectrum display (FFT), or both.

» To change the Y-axis limits in either view mode, open
the display menu by clicking Y Axis in the upper right
corner.

4. Starta capture.

» Apply calibration—select an available calibration file from the
dropdown menu by clicking Change in the top right corner of
the GUI.

» By default, calibration files for 0Q and 50Q impedance
sources for a -400mV to +400mV input range are provid-
ed.

» User-generated calibration files, created using the instruc-
tions in Calibrate the Digitizer Module (Optional) section,
will be available here.

> Initiate a capture—select Single for a single capture of the
length set in Buffer Size, Repeat to capture a trigger event
every time the specified conditions are met, or Run for
continuous capture mode.

» Use the Single mode to capture a waveform once the
assigned trigger conditions are met.

» Use the Repeat mode to capture waveforms every time
the assigned trigger conditions are met, and the specified
holdoff time has elapsed.

» Use the Force button to take an immediate capture re-
gardless of trigger conditions.

» If a trigger threshold is assigned, a capture is taken when
the input signal next crosses the threshold.

5. Save captured data.

» Use the Export button to save the currently displayed wave-
form(s) in a .csv format to a desired location on the host
computer.
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CAPTURE DATA USING THE GRAPHICAL USER INTERFACE (GUI)

013

Figure 14. ADMX6020 User Interface
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CAPTURE DATA USING PYTHON

1. Connect a source.

» Connect an input signal to the carrier board Connector
RFIN1P and Connector RFINTN (J4 and J5) to apply a signal
to ADC 1, or connect a signal to Connector RFIN4P and
Connector RFIN4N (J15 and J16) to apply a signal to ADC 2.
» For single-ended measurements, terminate the negative

input connector with 50Q.
2. Capture data.

» Use the capture_data.py script in the ADMX6020 examples
folder to capture an arbitrary number of samples using either
ADC channel.

» To capture calibrated data, specify the calibration file in the
parameters section shown in Figure 15 . This can be a

analog.com

default calibration or a user generated calibration, created
as described in the Calibrate the Digitizer Module (Optional)
section.

Figure 15. capture_data.py
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NOTES

ESD Caution
‘ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary
‘t‘\ protection circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of
functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms
and conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not
use the Evaluation Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and
between you (“Customer”) and Analog Devices, Inc. (“ADI”), with its principal place of business at One Analog Way, Wilmington, MA 01887-2356, U.S.A. Subject to the terms and conditions of
the Agreement, ADI hereby grants to Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION
PURPOSES ONLY. Customer understands and agrees that the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for
any other purpose. Furthermore, the license granted is expressly made subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or
distribute the Evaluation Board; and (ii) permit any Third Party to access the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees,
affiliates and in-house consultants. The Evaluation Board is NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI.
CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the
Evaluation Board to any other party for any reason. Upon discontinuation of use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board
to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any
modifications or alterations it makes to the Evaluation Board, including but not limited to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to
the Evaluation Board must comply with applicable law, including but not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to
Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI
MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR
WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS
FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS LICENSORS BE LIABLE FOR ANY INCIDENTAL,
SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING BUT NOT LIMITED TO LOST
PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE HUNDRED US
DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States federal
laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts
(excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby
submits to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly
disclaimed. All Analog Devices products contained herein are subject to release and availability.
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