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1 INTRODUCTION

The ADQ series digitizers are portable high performance digitizers which incorporate one or more analog inputs,
on-board DDR2 memory and USB or PXI Express interface. The analog inputs are sampled with high resolution
and at data capture rates of up to several thousand mega samples per second (MSPS), and offers excellent analog
input bandwidth.

With its combination of high speed, high resolution and high bandwidth the ADQ digitizers are ideal for broadband
applications such as IF sampling of RF signals and high-speed data recording. They come with an easy-to-use API
that allows for simple integration into any application. The digitizer connects to a host PC via a high-speed USB 2.0
cable or through an optional eight-lane PXI Express interface. The ADQ digitizer comes equipped with Xilinx
FPGAs, and offers significant parts of the FPGA resources available for customized applications.

2 SPECIFICATIONS

2.1 Electrical Characteristics

See datasheet for respective ADQ product.

2.2 Front panel

The front of the device features connectors for signal input, external clock input, reference clock I/0O, external
trigger 1/O and GPIO. The function of each connector is desctibed in more detail throughout the uset’s guide.

The three LED indicators on the front of the device communicate the status of the device when turned on according
to the following table.

Indicator Description

Power Constant green light indicates power and status OK.
(Green)

Constant red light indicates the device is waiting for PLL lock, this is the case until drivers and
Status software has connected to the card.

(Red) Short flashes of red light indicate the device is calibrating after startup or sample frequency change.

Blinking red light in combination with green light off indicates overheat or power error.

Ready Amber light indicates that the trigger has been armed and is waiting to trig the device.

(Amber)

3 GETTING STARTED
3.1 What You Need to Get Started

To set up and use the ADQ digitizer, you must have the following items:
For USB version:
O Mains power supply, 12V
O A host computer with USB 2.0 (also compatible with USB 1.1)
O USB cable
For PXIe version:

O A host computer with an available PXI Express or cPCI Express slot



For PCle version

O A host computer with an available PCI Express slot and a PCle Exptess 6-pin power connector as
illustrated below. Please note that an adapter might be required for some systems. The adapter can be
purchased from your favorite computer accessory suppliet.

PCle Power cable and adapter

It is also recommended to have:
O Signal generators

O Female SMA Connector Cables

3.2 Software Installation

To install the software for the ADQ digitizer, run “ADQ-setup.exe” found on the CD delivered with the digitizer.
This will cause all software to be installed and a shortcut to be added to the start menu. Cutrently the software
package is only available for use with Microsoft Windows.

IMPORTANT: Install the software before you connect the ADQ digitizer.

1) To install the software, run ADQ-setup.exe which is included on the CD delivered with your digitizer.
The window below will be shown.

W M
L7 i Welcome to the ADQ Software
d SP Devices Setup Wizard
This wizard will guide you through the installation of ADG
Software,

It is recommended that vou close all other applications

AD Q before starting Setup, This will make it possible o update

relevant system files without having to rebook wour
camputer,

ADX Click MNext to continue,

——

Mt = ] ’ Cancel

2)  Press “Next >



z ADG) Software Setup E]

Licenze Agreement

" O
d S P DeV|CeS Please review the license terms before installing ADG Software,

Press Page Down to see the rest of the agreement.

“ND UISER. LICEMSE AGREEMENT ~

Read this Agreement carefully before installing or using the Software, By clicking on the
"I Accept” button while installing and/or using the Software, ¥ou agree to the kerms and
conditions of this Agreement. You agree that vour use of the Software acknowledges
that wou have read this Agreement and agree to be bound by its kerms.

This End User License Agreement, (the Agreement), is between either an individual or an
entity, the End User, and Signal Processing Devices Sweden AB (SP Devices), The
Agreement authorizes End User to use the Software, defined in Clause 1 below, |
together with products provided by SP Devices. Such products are regulated by Rv2

If wou accept the terms of the agreement, click T Agree ko continue, ¥ou must accepk the
agreement ko inskall ADG Software,

’ < Back “ I Agree l ’ Cancel

3) Read the license agreement, and then press “I Agree”.

z ADQ Software Setup E]

Choose Components

r "
d SP DeV|CeS Choose which Features of ADG Softweare wou wank bo install.

Check the components you want to install and uncheck the components you don't want ka
install, Click Mext ta cantinue,

Select components ko install: {BDCaptureLab (required) i A
ADC ISE Driver (required) Il
ADC Prle Driver {required)

[] AD% EM USE Driver {optional)

[] aDq USE FRGA Update software (optional)

Start Menu Shortcuts

4D Matlsh Files

ADQ API Files

ADC API Example Files

Ly | e

Space requited: 14.3MB

[ < Back " Mext = l [ Cancel ]

4)  Choose the components to be installed and press “Next >”.
SP Devices recommend installation of all suggested components.




# ADQ Software Setup g |

Choose Install Location

r .
d S F] DeVICeS Choose the Folder in which to install ADG Software,

Setup will install ADG Software in the Following Folder. To install in a different folder, click
Browse and select another folder. Click Install to start the installation,

Destination Folder

C:\Program FilesiSP Devices|

Space required; 14,3MB
Space availablz: 1658.9GB

[ < Back " Install ] [ Cancel ]

5) If the suggested default installation location is not satisfactory, press “Browse” to choose another location.
Then press “Install”.

# ADO Software Setup E] mll| X

z SP Devices ggmzli:jir;gr‘rge ADQ Software

w A0 Software has been installed on vour computer,
Click Finish ko close this wizard,

6) When all components have been installed the software is ready for use.
Press “Finish” to complete the installation.

3.21 Installed Components
3.2.1.1 ADCapture Lab

ADCapture Lab is an easy-to-use standalone program which allows for configuration and operation of all ADQ
series digitizers from SP Devices. It displays the collected data and calculates key performance metrics such as SNR
and SFDR. Collected data can be stored on disk for later use so that comparison with previous measurements can be
done. For more information on how to use ADCapture Lab, please refer to section “Using ADCapture Lab” on
page 18.

3.2.1.2 MATLAB Interface

The MATLAB interface consists of a dynamic link library and a MATLAB function that together provide easy-to-
use communication with your ADQ device. Example code included on the CD shows how to interact with the
device.



3.2.1.3  ADQ API (C/C++ SDK)

The ADQ ADI consists of a number of C++ classes that can easily be integrated with existing source code. It comes
with source code and example files. For more information about the ADQ API, please refer to the separate uset’s
guide for the APL

3214 Additional Software

There are several other software interfaces available. They include, but are not limited to, LabVIEW and a Dynamic
Link Library (DLL) that can be used when not programming in C++, for example with Delphi or CVI. For further
information please contact SP Devices.




3.3 Testing Your Device

After installing the relevant software according to the instructions in the previous section, the ADQ digitizer has to
be configured when connected to the host PC for the first time. Once this has been done, the device will be ready
for operation. An initial test as described in section “Data Acquisition using ADCapture Lab” will get you started
with exploring the capabilities of your new device.

3.31 Connecting the device for the first time
IMPORTANT: Install the software before you connect the ADQ digitizer.

Perform the following steps before moving on to acquiring the signal using any of the methods described in later
sections.

3.3.1.1 Windows 7

Note that the examples in this section are based on installation and operation of an ADQ 412 minor differences will occur when using
other digitizers.

1)  Switch on the ADQ digitizer and connect it to the host PC using the USB cable. The message below will be
shown.

Device driver software was not successfully installed * *
Click here for details.

1227

W= L I':I:I
et o 2011-05-03

2)  Open the Device Manager by typing “devices manager” in the search field of the start menu.

[ - = |
2 Device Marsger =)o =

File Action View Help
e @B HE " &S
AﬂPC[E -

1> -7 Computer

b - Disk drives

b ‘5'1 Display adapters

1 DVD/CD-ROM drives

b % Huran Interface Devices

» g IDE ATA/ATAPI controllers

B ﬁ IEEE 1394 Bus host controllers
Py Keyboards

b B Mice and other pointing devices
b l,l__ll Monitors

b l_-?' Network adapters

P 5 Other devices

[ @ Unknown device |

»

m

|:> B Processors Update Driver Software...
[ JQ Sound, video and ga Disable
DJ-;J System devices Uninstall
FE i Universal Serial Bus Lo
a Intel(R) ICH10 Fa Scan for hardware changes
L @ Intel(R) ICHI1O Fa
- § Intel(R) ICH10 Fa Eropetics
POE Tetalf DV TCLAN Esvihs HER | lniserea I Unct Cambraller - 2428

3) Locate “Unknown device” and right click. Select “Update Driver Software”.



& 0 Update Driver Software - Unknown Device

How do you want to search for driver software?

= Search automatically for updated driver software
Windows will search your computer and the Internet for the |atest driver software
for your device, unless you've disabled this feature in your device installation
settings.

>

Locate and install driver software manually.

Cancel

4)  Select “Browse my computer for driver software”.

@ || Update Driver Software - Unknown Device
Browse for driver software on your computer

Search for driver software in this location:

\PROGRAM FILES (X86)\SP DEVICES\DRIVERS\ADQUSE\X64 WINT i

Include subfolders

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

5) Press “Browse” and select “Drivers\ADQUSB\X64_WIN7” in the installation directory , then press “Next >”.
NOTE: If you are running 32-bit version select “Dtivers\ADQUSB\x86_win7”.

@ Windows Security @

@J Windows can't verify the publisher of this driver software

= Don't install this driver software
You should check your manufacturer's website for updated driver software
for your device,

Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

-j:\-r:j- See details

6) Press “Install this driver software anyway’”.




Wy SO, VITET and gare Controlers

b M| Systermn devices

a- ¢ Universal Serial Bus controllers

Intel(R) ICH10 Family USE Enhanced Host Controller - 3A34
Intel(R) ICH10 Family USB Enhanced Host Controller - 3A3C
Intel(R} ICH10 Family USB Universal Host Controller - 3434
Intel(R) ICH10 Family USE Universal Host Controller - 3A35
Intel(R} ICH10 Family USB Universal Host Controller - 3436
Intel(R) ICH10 Family USB Universal Host Controller - 3437
Intel(R} ICH10 Family USB Universal Host Controller - 3A38
Intel(R) ICH10 Family USB Universal Host Controller - 3439
5P Devices ADQ412

USE Composite Device

LISE Rant Hub

reTeseseeee

7)  Your ADQ unit shall now appear under USB devices in the device manager.

3.31.2 Windows XP and Vista

Note that the examples in this section are based on installation and operation of an ADQ 114, minor differences will occur when using
other digitizers.

1)  Switch on the ADQ digitizer and connect it to the host PC using the USB cable. The window below will be
shown.

Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard

Windowes will search for current and updated software by
looking on pour computer, on the hardware installation CO, or on

the Wwindows Update Web site [with waur permiszion).
Read our privacy policy

Can windows connect to Windows Update to search for
software?

(O ¥es. this time only
(O 'Yes, now and every time | connect a device

®i

Click MNext ta continue,

I Mext » l[ Cancel

2)  Select “No, not at this time” and press “Next >”".



Found Mew Hardware Wizard

%

This wizard helps you install software for:

SP Devices ADO114

Z'\"\J If your hardware came with an installation CD

1 or Hoppy disk. inzert it now.

What do pou want the wizard to do?

(O Install the software autornatically (Recommended)
(®install from a st or zpecific location [Advancedk

Click Mext ta continue,

’ < Back ][ Mext » ][ Cancel ]

3) Select “Install from a list or specific location (Advanced)” and press “Next >,

Found Mew Hardware Wizard

Pleaze choose your search and installation options.

(%) Search for the best driver in these locations:

Uze the check boxes below ta limit or expand the default search, which includes local
paths and removable media. The best diver found will be installed.

[] Search removable media (floppy. CO-ROM...)
Include this location in the search:

C:\Pragram Files\SP Devices\Drivers\ADQUSE “

() Don't search. | will chooze the driver ta install.

Chooze thiz option to select the device driver from a list. ‘Windows does not guarantee that
the driver pou chooze will be the best match for your hardware.

’ < Back ][ Mext » ][ Cancel ]

4)  Select “Search for the best drivers in these locations”. Check “Include this location in the search”.
Press “Browse” and select “Drivers\ADQUSB” in the installation directory, then press “Next >”

Hardware Installation

1] E The software you are installing for this hardware:
]
5P Devices ADO114

haz not pazsed Windows Logo testing to venfy its compatibility
with YWindaws =P, [

Continuing your installation of this software map impair
or destabilize the correct operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
paszsed Windows Logo testing.

[ Comtinue Anyway ] | STOF Inztallation |

5) Press “Continue Anyway”.




Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard

%

The wizard has finished installing the software for:

: SP Devices ADOT14

Click Finizh to close the wizard,

6) Press “Finish”.

3.3.2 Data Acquisition using ADCapture Lab

This section describes how to acquire a signal and save it to disk using ADCapture Lab. For a more detailed
description of ADCapture Lab, please refer to section “Using ADCapture Lab”. Follow these steps to acquire a
signal:

1) Make sure that the ADQ digitizer is switched on and connected to the host PC through USB.
2)  Start ADCapture Lab.

(@ aocaptureLab BEx]

Seings

Signal

050 Channels
—Datn Input frequency MHz

Sample frequency [400.000000 MHz

Board | [1]5P Devices Board Fomat (2C/14) =
View:
Color scheme | White background (printer-friendly) =
FFT Window |Blackman [
FFT Size 65536

I~ Autoscale FFT Y Asis

-0s0 7 Mark signalprops & pyquistzone 1 & Singletone
¥ Maik hamorics

T T T T T T T T - T
0000 0020 0040 0080 0080 0100 0120 0140 0160 Mhatcne2 ledlae

™ Mark interleaving " Other
Time [ms]
Channels

—Data

FFT ‘“’W"‘W Fird USE Devices

Clear Log

Devices

IF\ndUSBDevmex;M

Save Data

Signal propetties

0 10 20 30 40 SO 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Frequency [MHz]

3) In ADCapture Lab, press “Find USB Devices”. All connected ADQ USB devices will be identified.



# ADCaptureLab =

Settings

Signal

o Channels
— charnel & Iput requency |

010 Log window

Sample frequency [00.000000 MHz

020 Board | [1] 5P Devices Boargdfomat [2C) Scanning USE ..
view Found ADQ114 board,
Color scheme w/hijgfDackaround (printer;
020 FFT Window |Bla)
Analyze Chang (A~ <] FFT size [655)

I~ Autoggfe FFT ¥ fuis
080 ¥ Mpfsianal props  * Nyquist zone 1
I~ ek hamonics € Nyquist 20ne 2 Clear Log

Mark interleaving

s e Devices A0 Settings

U (. 91: ADO114 [2x4D55474 140 400M5SPSIUSEZ.0

— charnel &

Amplitude [FS]

v T T T T T T T T
0.0000 0.020 0.040 0.080 0.080 0.100 0120 0140 0160
Time fms]

Devices
51: ADA114 (24055474 14b 400MSPS) USE:

[Fralse Deviees | Load Dala Acquie Dala
Run

Amplitude [dBFS]

Signal propeities

T T T T T T T T T T T T T T T T T T
0 20 40 60 60 100 120 140 160 180 200 220 240 260 260 300 320 340 360 3O 400
Frequency [MHz]

4)  Once identified, all connected devices will be displayed in the Devices window.
Status information on the enumeration of devices shows in the Log window.

5)  Select the device of your choice by clicking it in the Devices window.

6) Press function key “F8” or the “ADQ Settings” button to enter the ADQ settings and bring up the settings
dialog.

ADQ Settings

Trigger Settings 1 Clock Settings Acquisition Length Settings

Timmeout setting —Ji Def,

+
Tatal Acquisition Size | B¥30 B
3 Min_| Half | Max

icquisition File Settings

Active? Clock Source
(" External I

Buttan Trigger “ternal Reference

Level Trigger

Sampling Frequency

800, 000000 *| MHz

External Trigger

[~ Acquire acquisition length directly to File
Full path and filename to acquire to (will be
overwritken For each acquisition)

| i

[ Skep filename by number (no overwribe)

Reset filenurnber stepping |

ol 4 Cancel ‘

7) In Trigger settings, check “Button Trigget” so that acquisition will be triggered from inside ADCapture Lab.
In Clock settings, select internal clock by checking “Internal”. This will eliminate the need of an external source.
Select sampling frequency “800 MHz”.

CLOCK DATA TRIGG O ReaDY
O roven
&




8) Connect a signal soutce set to 1.0 Volt amplitude and 62 MHz to the DATA! channel SMA input.

There is no need to connect a signal source to the clock input since we have chosen to use the internal clock.

# ADCaptureLab B =]
z o
Signal
060+ Channels Sample frequency |500.000000 MHz
o Canea A Input frecency Mz
040
7 020 Boad  |[1] 5P Devies Board Fommat (20/14) =
Py

Color scheme [\whie backoround (printer-frisndly) B
FFT Window [Blackman -
Anayze Channel [& »|  FFT Sige |65536 -

0404

I Autoscale FFT Y Asis

-ns0- ¥ Mark signal props @ MNyquistzone 1 @ Single-tone.
oom  omm  oom  ooed oo 040 01w ot oaes Lo bt 1o
I~ Mark interleaving " Other "
Time s Acquire Data
Log window
FFT Scanning USE
Channels Found 4D0114 board.

— Channel &

Clear Log

Devices

[ Find U8 Devices | LoadData
Save Data FRun

r
0

— T T T T T T T T T T T T T T T 1
20 40 B0 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 350 400
Frequency [MHz]

9) Press “Acquire Data” to collect one batch of samples.

The number of samples collected in the batch is determined by “Total acquisition size” which is found in the
settings dialog. To open this dialog, press 8 or click the “ADQ Settings” button.

# ADCaptureLab

=[x

X

" o
Signal
Sample frequency |500.000000 MHz
Channels

Sl i | Input frequency MHz

Bosd | [115P Devices Board Farmat [2C/14) =

Colorscheme | white background (prnterfiendsl ]
FFT Window |Blackman <

Anchoe Chael [ <] FFTSe [65836 <]

I Autoscale FFT ¥ Asis

¥ Mark signal props % Nyquist zone 1 & Singletone

L ; I 1 1 T ) I I ¥ Mark hamonics ¢ Nyquist zone 2  Twortone,
0000 00100 0020 0000 0000 OOSOD  OOBOD OO0 00800 i e e
Time [ms]
Log window
FFT Scanning USE .

Found ADQ114 board.

Channels o

o9 und -5 = Chaninel &
=104 Marker Groups

Cleat Log

ADO Settings

ices
’91. ADUTT4 (255474 146 400MSPST USB2.0

FindLUSB Devices Load Data
Save Data Run

[~ Signal props

— 1T T T T T T T T T 1
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 575 400
Frequency [MHz]

10) The acquired samples are displayed both in time and frequency domain (FFT).
For best performance, it is likely that the signal source have to be filtered so that harmonics are suppressed.

! Note that different ADQ digitizers might have different number of inputs and other designated names on the SMA inputs than what is shown in
the picture.



# ACaptureLab D&
- Setlings
Signal
‘Sample frequency 1800.000000 MHz
Channels
— Channel & [Input fequency |62 Mz
4000
Board [1]SP Devices Board Fomat (2C/14) -
View )
Color scheme | White background (printerfriendly) -
FFT Window |Blackman ¥
Analyze Channel |4 v| FFT Size |65536 >
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T~ Autoscale FFT Y Axis
¥ Mark signal props  © Nyquist zone 1 @ Singletone
r T T T T T T L 1 ¥ Mark hamonics € Nyquist zone 2  Twortone
0.0000 00100 0.0200 0.0300 0.0400 00500 0.0600 00700 0.0800 I~ Maik interleaving  Other
Time [ms]
Log window
FFT Scanning USB
Channels Found ADQ114 board
o (Fund 5 — Channel &
04 Marker Groups
20 - Fund.
= SFDR lim.
e —HD2 Devices
—Ho3
o =
2 —HD8

Frequency [MHz]

— T T T T T T T T T T T T T
S0 75 100 125 150 175 200 225 250 275 300 325 350 35 400

Find USB Devices

[~ Signal propettes

Input frequency |62

11) Write 62 in the “Input Frequency” field to indicate the frequency of the sampled signal. This information will be
saved to the data file so that the input frequency can be displayed again at a later time after data import.
Then press “Save Data”.

ADCaptureLab Export to File

]

Savein I@ My Saved ADO 114 Data

El

& @ e B

My Recent
Documents

Desktop

My Documents

My Computer

File name:
My Network.  Save &5 type:
Flaces

IBZMHz_slng\e_IDnﬂ

I Text file with Header [.tat]

j Save I
~| Cancel

=]

12) Navigate to the target directory by clicking the drop-down box named “Save in”.
Provide a file name, for example “62MHz_single_tone”.
Choose file type “Text file with Header (*.txt)”.

Press “Save”.

Congratulations, you have now acquired and saved your first signal using your ADQ digitizer and ADCapture Lab!
For further information on how to use ADCapture Lab, please refer to section “Using ADCapture Lab” on page 18.




4 USING ADCAPTURE LAB

4.1 Overview

Figure 1 shows the main window of ADCapture Lab. A detailed description of each part shown in the main window
is given in the section shown in the figure.
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Figure 1. ADCapture Lab main window.




4.2 Capturing Data
4.2.1 Settings & Setup

Seltings Settings

Sample frequency MH:z Sample frequency | 320000000 MHz

Input reguency IEE MHz Inpat frequency |62 MHz

Figure 2. Sample frequency when running with internal clock (left) and external clock (right).

Settin, Description
g P

Sample frequency Set the sampling frequency for the system. Frequency axis for FFT plot will be
based on this and on Nyquist zone settings (see also section 4.4.1.2).

The sample frequency can only be changed manually when running on external
clock. If the ADQ digitizer is running on internal clock, this value will
automatically be changed according to the frequency selected in the ADQ Settings
dialog (which opens when pressing F8).

Input frequency Set the input frequency. Only used for tagging when exporting data.
4.2.2 Connect & Capture
Log window
Scanning JSE ...
Found ADG114 board.

Clear Log

Devices ADD Settings |
91; ADGT14 [2x4D55474 14b 400MSPS) USEZ.0

Find USB Devices | Load Data |

Save Data |

Figure 3. Buttons used for connect and capture.

42.2.1 Connecting to the digitizer

1) To find the digitizer — press button “Find USB Devices”. The digitizers connected to the computer will then
show up in the “Devices” box. Status information on the enumeration of devices will show in “Log window”.

2)  Select a compatible device digitizer from the “Devices” list. The buttons “Acquire data” and “Run” will then be
activated.

4222 Capture Single Batch

To capture a single batch from the digitizer, press “Acquire data”. Trigger mode must be set to “Button trigger”, see
section 4.6 for further information on different trigger modes.




4223 Continuous Capture

To capture continuously, press “Run”. Button will change name to “Stop”, and pressing it will stop the capturing. If
plots are in “Play” mode (see section 4.5), plots will be updated continuously as new data arrives from the digitizer.
Trigger mode must be set to “Button trigger” for continuous capture, see section 4.6 for further information on
different trigger modes.

Log window

Scanning LISE .
Found 400114 board.

Clear Log

Devices ADD Settings |
91; A00114 [2rAD55474 14b 400MSPS) USEZ.0

Find LISE Devices | Stop continuous
capture

Save Data |

Figure 4. The appearance and functionality of the Start / Stop button changes during
continuous capture.

4.3 Import and Export of Data

4.3.1 Import Data

Press “Import Data” to load previously saved results into ADCapture Lab. In the file dialog window that opens,
select the target file and press “Open”. File contents will be loaded into the plot windows (unless they are in “Pause”
mode). To import, you may also drag & drop the file to the ADCapture Lab main window directly.

4.3.2 Export data

To save the results of a measurement, press “Save Data”. Provide a filename in the file dialog window that opens,
select a file format and press “Save”. Data can be exported as a text file format with a header, binary format, or as a
pure ASCII file for use with for example MATLAB.

4.4 Data Analysis

ADCapture Lab supportts several data analysis functions that helps you interpret and evaluate the results of your
measurements. The following sections explain the details about these functions.

4.4.1 Analysis and View Settings

The analysis and view settings determine which type of data analysis that is performed and how the result is
displayed.
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Figure 5. The analysis and view settings.

4411 Analysis Type Settings

Analysis Type

Description

Single-tone

Check this to indicate that the current measurement is a single-tone test. Supports
analysis of code range, fundamental, harmonics, SFDR, and SNDR (ENOB).

Two-tone Check this to indicate that the current measurement is a two-tone test. Supports
analysis of code range, fundamentals, SFDR and SNDR (ENOB).
Other Check this to indicate that the current measurement is other than above mentioned

test types. Supports analysis of code range only.

44.1.2 Nyquist Zone Settings

Nyquist Zone

Nyquist zone 1

Description

Check this to indicate that the input signal frequencies are in the first Nyquist zone,
ie. DC < fin < fs/2. Frequency axis of FFT plot will be based on this and on the
current sample frequency setting.

Nyquist zone 2

See desctiption above. FFT plot frequency axis will change to fs/2 < fin < fs.

4413 View Settings

Setting

Color scheme

Description

Sets the color scheme of the plot routines. Available modes are:
® White background (printer-friendly)

= Black background

= Grey background

Window

Windowing function used for FFT and analysis functions. Available windows are:
= Blackman

* Blackman-Harris

= Hamming

= Hanning

= Rectangular




Setting Description

Autoscale FFT'Y Axis When enabled, the y-axis of the FFT plot is automatically scaled. If disabled, the y-
axis is locked between 0 and -130dBFS.

Mark signal props When enabled, fundamental tone(s) and SFDR limiter are marked in the FFT plot.

Mark harmonics When enabled, harmonics (20d-6%) are matked in the FFT plot. Supported for

single-tone tests only.

Mark interleaving When enabled, interleaving errors are marked in the FFT plot. Supported for
single-tone tests and two-tone tests only.

4.4.2 Analysis Window Output

— Signal properties

Figure 6. The result of the data analysis is displayed in the analysis window.

Analysis Item Applicable to Description
Analysis Type(s)

Codes All Code range and number of samples in the current data batch.

DC Power All DC power in dBFS.

Fund. tone(s) Single-tone Identified fundamental tones (power and frequency).
Two-tone

Power max Other Identified power maximum (power and frequency).

SFDR Single-tone Spurious-Free Dynamic Range. Power relation between fundamental
Two-tone tone and largest distortion. For a two-tone test this is calculated as the

relation between the largest fundamental tone and the largest
distortion. Frequency position of limiting component is calculated.

SNDR Single-tone Signal to Noise and Distortion Ratio. Power relation between
Two-tone fundamental tone and noise and distortion.

ENOB Single-tone Effective Number Of Bits. Based directly on the SNDR value.
Two-tone

4.5 Plot Tools

Move the mouse cursor over any of the plot windows (time-series plot or FFT plot) to display the plot tools toolbar.
When a plot tool is marked green, as for example the “Zoom to Fit” tool shown in Figure 7, it means that this



specific tool is currently not a valid choice. In the case of the “Zoom to Fit” tool, this happens when the plot is
already zoomed to show the full signal plot.

Play / Pause

Copy Print Save Edit Cursors and Markers

S puede
R

Zoom In

Zoom Out Zoom to Fit Zoom Undo  Zoom Redo

Figure 7. The plot tools appear when placing the mouse over any of the plot windows.

Plot Tool Description

Play/Pause To put plot in Play/Pause mode. In play mode, plot will display new data as it
arrives either by acquiring or by import from file. In pause mode, plot will not
update.

Copy Copies plot window to the clipboard. The result can for example be pasted into a
document or similar.

Print Prints plot window to printer.

Save Exports plot window to bitmap or jpeg image file.

Edit Cursors and Markets

Edits the cursors & markers of the plot window. When pressed a dialog window
will open which will allow for changing properties such as channel name and
visibility, display color for the channel and marker shapes and colors.

Zoom In

Zooms in.

Zoom Out

Zooms out.

Zoom to Fit

Zooms to the original setting,

Zoom Undo

Returns to previous zoom setting.

Zoom Redo

Returns to zoom setting before undo press.

4.6 Trigger Settings

The ADQ digitizers supports several trigger types which are explained in further detail in the following sections.
Press F8, or the “ADQ Settings” button to open the ADQ settings dialog from which the trigger settings can be

changed.




ADQ Settings

Trigger Settings Clock Settings Acquisition Length Settings
Active? Clock Source Tirneout setting —Ji Def,

i
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Figure 8. The ADQ settings dialog allows for modification of trigger settings.

4.6.1 Button Trigger

When the button trigger is activated, the ADQ digitizer will acquire data whenever any of the buttons “Acquire
Data” or “Run” is pressed in the main window of ADCapture Lab (see sections 4.2.2.2 and 4.2.2.3 for more
information). The button trigger mode is activated by checking the “Button Trigger” checkbox in the ADQ settings
dialog. See Figure 8 for an example of where the button trigger mode is active.

4.6.2 Level Trigger

When the level trigger is activated, the ADQ will monitor the input(s) and wait for a level trigger condition to occur.
The specified trigger level, chosen flank (or slope) and selected input channel are all monitored to determine whether
or not the trigger condition is fulfilled. Open the settings (F8) to activate and configure a level trigger:

1)  Activate the level trigger by checking the “Level Trigger” checkbox.
Note that rest of the level trigger settings becomes enabled.

ADQ Settings
Trigger Settings 1 Clock Settings Acquisition Length Settings
Acti Clock Source Tirmeout sekting —Ji Dief
i
Button Trigger ~ External [ External Reference
f* Internal
Level Trigger Total Acquisition Size | 55936 +
External Trigger i S;Dmnp:;nugoggzquency Min | Half | Max
' >| Mhz Acquisition File Settings
2 ™ Acquire acquisition length directly to File
evel
3000 - Full path and filename to acquire to {will be
Codes overwtitten For each acquisition)
Flank | J
™ Step filenarne by number (no overwrike)
o
2 (=g r Reset filenumber stepping |
" Faling -
3 Cancel ‘

Figure 9. Level trigger activated from the ADQ settings dialog window.

2)  Specity a trigger level (code) by writing the value into the “Level” field.
As an example, the ADQ 114 has 2!4 = 16 384 different codes, which gives a valid level trigger range between

-8192 to 8191.
3) Choose a flank by clicking either “Rising” or “Falling”.



4)  Tor digitizers with several channels, such as the ADQ 214, the trigger can be assigned to a specific channel. This
is done by clicking the checkboxes for Channel A or Channel B.

5) Press “OK” when the trigger has been configured to return to the main window.

The example settings shown in Figure 9 illustrate a level trigger armed for acquiring data starting on a transition from
an input level (code) below 3000 to a level above 3000.

4.6.2.1 Capture Single Batch with Level Trigger

Press the button “Acquire Data” in the main window of ADCapture Lab to arm the trigger. While armed, and as

long as no trigger event occurs, the text of the button changes to “Cancel” to indicate that the button can be used to
disarm the trigger and return to normal operation.

Log windows

Log windows

Scanning USE .. | Seanning ISR,
Found ADG 214 board, ) . )

Button caption and functionality

changes during level trigger data

acquisition.
Clear Log Clear Log
Devices Devices
959: ADO2T4 [24AD55474 14b 400MSPS) USE2.0 99: ADO2T4 [24AD55474 14b 400MSPS) USE2.0
Find USE Devices Impart O ata | Acquire Data Find USE Devices Impart O ata | Cancel
Save Data | Run | Save Data | Run |

Figure 10. With level trigger, press "Acquire Data" to arm and "Cancel" to disarm the trigger.

If, instead, the trigger event occurs, the time-series and FFT plots will be updated with the captured data. The
placement of the occurring trigger event will be shown in the time-series plot window. To ensute proper operation

of the plot updating, make sure that the time-series plot is in play mode (see section 4.5) and that the view setting
“Mark signal props” (see section 4.4.1.3) is checked.

Triooer occurrence Make sure that time-series plot is in
&8 play mode, and that “Mark signal
\ props” is checked!
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Figure 11. A level trigger event shown in the time-series plot.

4.6.3 External Trigger

When the external trigger is activated, the ADQ digitizer will monitor the input signal at the “TRIGG”? SMA
connector. The trigger input port operates on LVTTL signal levels, and a trigger event will occur on a logic low-to-

2 'This input is marked ”External Trigger” on some of the ADQ digitizers.




high transition (rising edge flank). To activate the external trigger, enter the ADQ settings by pressing I'8 and click
the checkbox marked “External Trigger.

ADQ Settings
Trigger Settings Clock Settings Acquisition Length Settings
Active? Clock Source Timeout setting —Ji Def,
i
Bultiar Tifigges ~ External [~ External Reference
(* Internal
; +
Level Trigger o Total Acquisition Size | #9936 .
External Trigger @ S;Drgplénuguggzquency Min | Half | Max
' | WiE Acquisition File Settings
I Acuire acquisition lenath directly to Fils
Full path and filename to acquire to {will be
overwritten For each acquisition)
[ step filename by number (no overwrite)
=
r Reset filenumber stepping |
o r
oK Cancel |

Figure 12. Activate the external trigger in the ADQ settings dialog.

4.6.3.1 Capture Single Batch with External Trigger

Data acquisition using external trigger is performed in the same way as with level trigger. Therefore, please refer to
section 4.6.2.1, “Capture Single Batch with Level Trigger” for an overview of the acquisition procedure.

4.7 Clock Settings

There are three basic clock configurations that can be used with the ADQ digitizers:
= Internal Clock Source with Internal Reference (default clock setting)
= Internal Clock Source with External Reference
=  External Clock Source

The clock settings are configured in the ADQ settings dialog.

4.71 Internal Clock Source with Internal Reference

This is the default clock setting. The frequency of the internal clock source, and hence the sampling frequency, can
be changed to a number of pre-defined frequencies. Open the settings dialog (F8) to activate and configure this clock
setting:
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Figure 13. Internal clock source with internal reference and 114.28 MHz sampling frequency.

1)  Click “Internal” in the clock settings to choose internal clock source (the internal clock reference is implied).
2)  Use the sampling frequency drop-down box to select any of the pre-defined sample frequencies.

3) Press “OK” to apply the setting.

4.7.2 Internal Clock Source with External Reference

Use this clock setting to synchronize the ADQ digitizer with another instrtument. The other instrument must provide
an output clock reference of 10 MHz that should be connected to the “CLOCK”3 SMA input on the ADQ.

Other Instrument ADQ 114
® ®
T cLock DATA miee O ®
®© 0 ¢
o
& 8

Figure 14. Start by connecting the 10 MHz reference output clock from the other instrument to
the clock input of the ADQ digitizer.

To configure ADCapture Lab for use of internal clock source with external reference, follow the same procedure as
explained in section 4.7.1, “Internal Clock Source with Internal Reference”, but make sure to also click the “External
Reference” checkbox. See Figure 15.

" External

,7 f* Inkernal ¥ External Reference

PSR P

Figure 15. Make sure to click the External Reference checkbox when synchronizing with
another instrument.

3 This input is marked ”External clock/reference” on some of the ADQ digitizers.




4.7.3 External Clock Source

Use this clock setting when the sample frequency is entirely provided by an external signal source. Connect the
output of the signal source to the “CLOCK”* SMA input on the ADQ digitizer. This clock setting allows for a more
flexible choice of sampling frequency than internal clocking. Make sure to keep the provided frequency within the
specifications listed in section 2.1, “Electrical Characteristics” on page 5. Note that signal source jitter will have a
significant impact on system performance. The jitter specifications of the internal clock given in section 2.1 indicate
suitable performance.

ADQ Settings

Trigger Settings Clock Settings Acquisition Length Settings

Active? Clock-Source Timeout setting —Ji Def,
Button Trigger i+ @ N
nkernal

i +
Level Trigger » Total Acquisition Size 633536 =
External Trigger i Min | Half | Max
MMHz

Acquisition File Settings

[~ Bcquire acquisition length directly to file
Full path and filename ko acquire ko (will be
overwritten For each acquisition)

| i

I step filename by number {no overwrite)

{+ I |

Reset filenumber stepping

i QK Cancel |

Figure 16. Set clock source to "External” when using a signal generator to provide the
sampling frequency.

4.8 Keyboard Shortcuts

Key Description
F1 Show version information for ADCaptute Lab software.

F2 Show version information for FPGA firmware and FPGA firmware status.

F3 Show digitizer status.

F4 Show FFT Analysis Options.

F5 Refresh plots.

F6 Clear plots.

Launch ADQ settings to modify things such as trigger type, acquisition length etc. Note that this

ks dialog will only appear when connected to a digitizer (i.e. after pressing “Find USB Devices”).

CTRL+F | Find USB

CTRL+A | Acquire Data

CTRLAR | Run/Stop

4 This input is marked ”External clock/reference” on some of the ADQ digitizers.



CTRLA+S | Save Data

CTRL+I | Import Data

4.9 Troubleshooting

Problem Remedy

“No devices found” is displayed in the log window
when pressing “Find USB Devices”.

Check if a compatible digitizer is plugged in via USB.
Check if digitizer is powered.

Try to turn the power off and on again. Press “Find
USB Devices” again.

Restart the software and try again.

Digitizer is connected and found in list, but when trying
to acquire digitizer does not respond correctly.

Check if digitizer is powered.

Check that correct digitizer format is selected (see
section 4.2.1).

Try to turn the power off and on again. Press “Find
USB Devices” again, select digitizer and retry.

Time-series plot or FFT plot does not update when
acquiring or importing data.

The plot which is not updating may be in “Pause”
mode. Move the mouse over the plot to bring up the
plot tools. If in “Pause” mode, press the pause symbol
so that it changes into a play symbol. See figure below.

Press here... ... to change to play mode.

@@l o] @lal 1ol

The “ADQ Settings” dialog does not appear when
pressing 8.

Make sure that “Find USB Devices” have been pressed,
and that the digitizer has been found.




5 USING MATLAB
5.1 Files

The MATLAB interface consists of a mex_ADQ.dIl which gives access to the functions in the ADQ API. The calls
to the to the mex file is listed in the interface_ ADQ.m file. The format for calling interface_ADQ is

>> interface_ ADQ(‘name_of_the_function’,[parameter list])

The names of the functions are found in the ADQ API reference documentation. The parameter list is found by
looking in the interface_ ADQ.m source code.

At set-up, the MATLAB files are located in the folder C:\Program Files\SP Devices\Matlab. It also includes
example files for getting started.

6 FUNCTIONS REFERENCE
6.1 GPIO

6.1.1 GPIO Micro-D connector

The Micro-D connector has

Pinl In Read GPIO out (code ) PLUG
SHIELD +—O
Pin 2 In Read GPIO out (code )
Pin 3 Out Set GPIO out (code )
Pin 4 Out Set GPIO out (code )
Pin 5 GPIO Set GPIO direction SHIELD +—O
out/in (code )

Set GPIO

6.1.2 Trigger as GPIO

Set-Trig direction out

Set trig value 1, 0

6.2 Time stamp

The ADQ has a running counter that enables the user to establish when a certain set of data was captured. The
counter runs 4 times the speed of the sampling clock of one ADC.

6.2.1 Operation modes
There are two different modes of operation.
1. Sync Off
2. Sync On

The output from the timestamp depends on which mode the time stamp is in, more about the vector in section
6.2.3.

6.2.1.1 Sync Off

In this mode the full 64 bits are used to represent the number of tics that the counter has achieved.




6.2.1.2 Sync On

In this mode the lower 42 bits are used for the tic counter, while the upper 22 bits are used for the sync counter.

The GPIO Pin2 is used as start pulse input, to generate sync pulses.

6.2.2 Restart counter

The counter is started automatically upon power on. It is possible to reset the counter by a API command. The
counter can be started in two ways, either by software or by sending a pulse into the GPIO Pin2, the same pin as the
sync input. Default is to restart the counter by softwatre upon resetting the counter.

6.2.3 Time stamp vector

Depending on if the sync mode is activated or not affects the time stamp vector, see Table 1 and Table 2.

63 0

Tic counter

Table 1 Time stamp vector when sync is not active

63 42 | 41 0

Sync counter Tic counter

Table 2 Time stamp vector when sync is active

6.2.4 Translate time stamp to real time

To be able to relate the time stamp to real time one can use the following formulas

Sync off Ntic
t =
Fx2 ADQ214
Ntic
t= ADQ112, ADQ114
fs
Sync on t = Nsync | Mtic ADQ214

 fome  fi*2

t = Nsync | Mtic

= ADQ112, ADQ114
f:sync fs

t =real time, Ny = tic counter, Ngyne = SYNc counter

fs = sampling frequency of the ADQ, fsync = sampling frequency of sync pulse
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