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ADQ14 is a versatile 14-bit high-end data acquisition platform, designed
to meet the most challenging measurement situations. ADQ14 features:

1 to 4 channels and multi-board sync
500 MSPS up to 2 GSPS per channel
3.2 GByte/s data transfer rate

Open FPGA for real-time DSP
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Features

Up to 4 analog channels

Up to 2 GSPS sample rate per channel

14 bits vertical resolution

DC-coupled with up to 1.2 GHz analog BW
AC-coupled with up to 1.2 GHz analog BW
Programmable DC-offset

Internal and external clock reference
Internal and external clock generator
Clock reference output

Internal and external trigger

Trigger output

Multi-channel synchronization

Time-stamp for real-time operation

2 GBytes data memory

Data interface PXle / PCle / USB3.0 / MTCA.4

ADQ14 Development Kit

Open FPGA for custom applications
Real-time signal processing

ADQ14 Datasheet

Applications

RADAR

LIDAR

Wireless communication
High-speed data recording
Test and measurement
Ultrasonic ranging
Time-of-flight

Thomson scattering

Advantages

Host PC form factor options for optimized sys-
tems partitioning.

Analog front-end options for meeting sensor
and measurement requirements.

Sample rate options that supports a wide
range of products and streamlined mainte-
nance. This optimizes cost of ownership.
Real-time custom processing solutions for
advanced systems.

SP Devices’ design service is available for
fast integration to lower time-to-market.

Flexible digitizer solution

Configure the ADQ14 to meet the measurement
challenge. Select DC- or AC-coupled front-end
and sampling rate. The DC-coupled front-end is
also available with variable gain. Select the num-
ber of channels between 1 and 4. Further expan-
sion is possible by synchronizing several ADQ14.

There are several firmware options for typical

Select the host interface for optimal systems
design. The form factor sets the communication
interface to the host PC as well as the mechanical
properties of the ADQ14.

The software development kit is used for imple-
menting the controlling application. It is available
for Windows and the main Linux distributions.

measurement situations. Custom firmware is
enabled through the open FPGA architecture.

) . / Data acquisiton | | /MTCA4
/' ACAFE /ADC 14b 500MsPS | [/ Time Domain '/ PXle ;
‘ DC AFE ADC 14b 1GSPS Pulse Data PCle /Application
‘ Variable Gain ADC 14b 2GSPS Radio Frequency USB3.0 ) software
/
ADQ14 Host PC
A PGA INTERFACE ADQAPI
Select Select
Select Select firmware Host interface Driver
AFE sample rate ; -
Build custom Select Linux
Select number of channels firmware GPIO Driver

Custom Firmware

Custom GPIO /“
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1 Selection guide

There are several options for ADQ14. This guide will help you through the selection of options. Follow
the procedure listed to select the features. Please use the table below to see which combinations that
are available. Each of the items below are described further later in the document.

Select AC- or DC-coupled front-end. This will give the model ADQ14AC or ADQ14DC.
Select the number of channels and the sample rate; —2A, —2C, —1X, —4A, —4C or -2X.
Select variable input range option; —VG.

Select host interface; -USB, —PXIE, —PCIE or -MTCA.

Select one or several of the firmware packages; -FWDAQ, -FWATD, -FWPD or —-FWSDR.
Select GPIO front panel connector option; —GPIO.

N o o kM w0

Add ADQ14 Development Kit for custom real-time signal processing in the FPGA.
MODEL |[ADQ14AC ADQ14DC

OPTION |-2A |-2C —2A |-2C

Key parameters
Number of channels 2 2 1 4 4 2 2 2 1 4 4 2
Sample rate / channel [GSPS]|0.5 |1 2 05 |1 2 05 |1 2 05 |1 2

Analog front-end (Factory installed)

AC-Coupling v v v v v v

DC-Coupling v v v v v v
50 Q input impedance 4 v v v v v v v v v v v
Variable DC-offset v 4 4 4 4 v v v v v v v
Variable input range' 2 -VG VoYY
Overvoltage protection v v v v v v v v v v v v
Anti-aliasing filter v v v v v v
Firmware

ADQ14 Development Kit v 4 4 v v v 4 v v v v v
Acquisition® -FWDAQ|Y  |Y |V Y Y Yy Y
Adv. time domain —FWATD | v v v _4 _4 _4 v v v _4 _4 _4
Pulse data -FWPD v v 4 v 4 v v v
Radio Systems -FWSDR | v/ v 4 4 v v v v v v
Synchronization

External clock/clock ref v v v 4 v v v v v v v v
External trigger in/out v v v v v v 4 v v v v v

\
<
<
<
<
<

Multi-unit synchronization®

Host interface

USB3 —-USB | v v v v v v v v v v v v
PCle Gen2 x8 -PCIE |V 4 4 v v 4 4 v v v v v
PXle Gen2 x8 -PXIE | v v 4 v v v v v v v v v
M-TCA.42 6 —-MTCA A

1. The —GPIO option is included with the variable gain option, —VG.

2. The —VG option is not available for -MTCA form factor.

3. Included with the ADQ14.

4. Contact SP Devices

5. Requires firmware option —-FWPD.

6. The —GPIO option is available as standard on the —-MTCA form factor.
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2 Technical data’

Table 1: General parameters

MODEL |ADQ14AC
OPTION

ADQ14DC
—2A |-2C |-1X |-4A

—2A |-2C |-1X |4A |-4C |-2X

Key parameters

Channels 2 2 1 4 4 2 2 2 1 4 4 2
Sample rate / channel [GSPS]| 0.5 1 2 0.5 1 2 0.5 1 2 0.5 1 2
Resolution [bits] 14 14

Data memory' [GByte] 2 2

Power

Power supply [V] 12 12

Power dissipation W] 36 | 36 | 36 | 42 [ 42 | 42 | 39 [ 39 | 39 | 48 | 48 | 48

1. The data memory is shared between data (2 bytes per sample) and record headers.

Table 2: Analog input

MODEL |ADQ14AC

OPTION |-2A |-2C |-1X |-4A |-4C |-2X
Analog inputs
Coupling AC DC
Input Impedance AC [AQ] 50 50
Input Impedance DC [AQ] 100k 50
Input range Vppl 1.9 0.5 \ 0.5 \ 1 \ 0.5 \ 0.5 \ 1
Bandwidth lower -3 dB [Hz]| 80 80 | 100 | 80 80 | 100 DC
Bandwidth upper —1 dB  [MHz]| 900 | 900 | 800 | 900 | 900 | 800 | 180 | 500 | 900 | 180 | 500 | 900
Bandwidth upper -3 dB  [MHz]| 1200 | 1200 | 1000 | 1200 | 1200 | 1000 | 250 | 700 |1200 | 250 | 700 | 1200
Connector SMA SMA
Variable gain -VG option
Input range 0.2 Vpp v v - v v —
Input range 0.5, 1, 2, 5 Vpp 4 4 v v 4 4
Bandwidth -1 dB -VG' [MHz] 180 | 400 | 700 | 180 | 400 | 700
Bandwidth —1 dB VG2 [MHz] 180 | 300 | 450 | 180 | 300 | 450
Bandwidth -3 dB -VG' [MHz] 250 | 500 | 900 | 250 | 500 | 900
Bandwidth -3 dB —-VG2 [MHz] 250 | 400 | 700 | 250 | 400 | 700
Variable DC-offset
Variable DC-offset range®  [V] +1.05 +0.25
Variable DC-offset steps 31 31

1. Ranges 0.2 Vpp 0.5 Vpp.
2. Ranges 1 Vpp, 2 Vpp and 5 Vpp.
3. The variable DC-offset covers the full scale of the signal. For the -VG option, the full range of each respective

range setting is covered by the variable DC-offset.

1. All values are typical unless otherwise noted.
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Table 3: Over-voltage protection

MODEL |ADQ14AC ADQ14DC

OPTION |-2A |-2C |-1X |4A |-4C |-2X |-2A |-2C |-1X |-4A |-4C |-2X

Overvoltage protection

Max input voltage [Vl - 15 - 15 -
Max input current [mA] +100 - +100 - +100
-VGrange 0.2 V,, \Y| - 4 - +4 -
-VGrange 0.2V, [mA] - - +100 - +100
—VG option other ranges V] - 5

Table 4: Dynamic performance1

MODEL |ADQ14AC2 (TBC) ADQ14DC3

OPTION |-2A |-2C |-1X |-4A |-4C —2A |-2C |-1X |-4A

Analog performance with overvoltage protection activated

SNR [dB]| 64 | 64 | 64 | 64 | 64 64 62 | 60 58 62 60 58
SNDR [dB]| 59 | 59 | 59 | 59 59 59 | 62 | 60 | 58 | 62 60 58
SFDR [dBc]| 61 61 61 61 61 61 75 75 75 75 | 75 75
ENOB [bits]] 9.6 | 96 | 96 | 96 | 96 | 96 | 10 | 9.7 | 93 | 10 | 9.7 | 93
Analog performance without overvoltage protection

SNR [dB]| 64 | 64 | 64 | 64 64 64 -

SNDR [dB]| 63 | 63 | 63 | 63 63 63 -

SFDR [dBc]| 69 | 69 | 69 | 69 69 69 -

ENOB [bits]| 10.2 | 10.2 | 10.2 | 10.2 | 10.2 | 10.2 -

Analog performance -VG option range 0.51 2 5 Vpp

ENOB [bits] - 10 | 97 | 93 | 10 | 9.7 | 9.3
SFDR [dBc] - 75 75 75 75 75 | 75
Analog performance -VG option range 0.2 Vpp

ENOB [bits] - 94 | 9.1 - 94 | 91 -
SFDR [dBc] - 75 75 - 75 | 75 -

1. All values are preliminary
2. At 71 MHz -1dBFS input signal.
3. At 71 MHz -1dBFS input signal.
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Table 5: Clock

MODEL |ADQ14AC

ADQ14 Datasheet

ADQ14DC

OPTION

—2A |-2C |-1X |-4A |-4C |-2X

Internal Clock Reference

—2A |-2C |-1X |-4A |-4C |-2X

Frequency [MHZz] 10 10
Accuracy [ppm] + 3 + 1/year + 3 + 1/year
External clock reference input

Frequency (min — max) [MHz] 10 MHz + 5 ppm 10 MHz + 5 ppm
Signal level (min —max) [Vpp] 05-3.3 05-3.3
Impedance AC [Q] 50 50
Impedance AC (high") [AQ] 200 200
Impedance DC [AQ] 10k 10k

Duty cycle TBD TBD
Connector SMA SMA

PXle clock reference?

PXle clock [MHZz] 100 100

PXle sync® [MHz] 10 10

Clock reference output

Frequency [MHz] Set by selected clock reference Set by selected clock reference
Signal level [Vpp] 1.2 (into 50 Q load) 1.2 (into 50 Q load)
Impedance AC [Q] 50 50
Impedance DC [AQ] 10k 10k

Duty cycle 50% + 5% 50% £ 5%
Connector SMA SMA
External clock source

Frequency [GHZ]| 1 1

1. Software-controlled high-impedance setting for large fan-out situations.
2. Available on ADQ14 with option —PXIE in a chassis that supports PXle.
3. Jitter of PXle sync is reduced by PXle clock in the ADQ14.
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Table 6: Trigger
MODEL

ADQ14AC

ADQ14 Datasheet

ADQ14DC

OPTION

External trigger input

—2A |-2C |-1X |-4A |-4C |-2X

—2A |-2C |-1X |-4A |-4C |-2X

Trigger frequency (max) [MHz] >1 >1

Signal level (min — max) V] -0.5t03.3 -0.5t03.3
Threshold? V] Programmable Programmable
Sensitivity [mV] 200 200

Time resolution [ps] 125 125
Excess jtter2 [ps] 25 25
Impedance DC [Q] 50 50
Impedance DC (high®) Q] >500 >500

GPIO data rate* [MHz] 125 125
Connector SMA SMA
Trigger output

PRF (max) [MHZz] 100 100

Signal level output low max [V] 0.1 0.1

Signal level output high min [V] 1.2 (into 50 Q load) 1.2 (into 50 Q load)
Impedance DC [Q] 50 50

GPIO data rate* [MHz] TBD TBD
Connector Shared with trigger input Shared with trigger input

1. Set threshold to match requested electrical standard when operated as GPIO input.
2. The trigger is synchronous to the sampling and can be resolved with sub-sample precision. The excess jitter
is jitter added to the trigger signal inside the ADQ14.

3. Software-controlled high-impedance setting for large fan-out situations.

4. When used as GPIO.

Table 7: Multi-Unit Synchronization

MODEL

OPTION

ADQ14AC
—2A |-2C |-1X |4A |-4C |-2X

ADQ14DC
—2A |-2C |-1X |4A |-4C |-2X

External sync input

PRF (max) [MHz] >1 >1
Signal level input low max  [V] 0.8 0.8
Signal level input high min  [V] 2 2
Impedance DC [Q] 50 50
Impedance DC (high') Q] >500 >500
GPIO data rate [MHZ] 100 100

Connector (-PCIE)

MCX inside PC chassis

MCX inside PC chassis

Connector (other form factor)

SMA shared with Sync out

SMA shared with Sync out

Sync output

PRF (max) [MHZz] >1 >1

Signal level output low max [V] 0.1 0.1

Signal level output high min [V] 1.2 (into 50 Q load) 1.2 (into 50 Q load)
Impedance DC [Q] 50 50

GPIO data rate [MHZ] 100 100

Connector (-PCIE)

MCX inside PC chassis

MCX inside PC chassis

Connector (other form factor)

SMA shared with Sync input

SMA shared with Sync input

1. Software-controlled high-impedance setting for large fan-out situations.
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Table 8: GPIO

MODEL |ADQ14AC ADQ14DC

OPTION [-2A |-2C |-1X |-4A |-4C |-2X |-2A |-2C |-1X |4A |-4C |-2X
Standard GPIO
Trigger input/output See trigger specification See trigger specification
Sync input/output See sync specification See sync specification
GPIO option —GPIO (Included with the —VG, variable gain option)
Number of GPIO signals 12 12
Signal level input high min  [V] 0.8 0.8
Signal level input low max  [V] 2 2
Input impedance [Q] 10k 10k
Signal level output low max [V] 0.1 (no load) 0.1 (no load)
Signal level output high min [V] 3.1 (no load) 3.1 (no load)
Output impedance [Q] 90 90
Max data rate  [Mbit/s per pin] 100 100
GPIO power out V] 3.3 3.3
GPIO power out [mA] 100 100
Connector Hirose ST60-24P(50)
Cable See ordering information

Table 9: Environment

INTERFACE TO HOST PC USB3.0 PCI EXPRESS PXI EXPRESS
OPTION |-USB —PCIE =

Data rate
Standard USB3.0 Gen2 by 8 lanes Gen2 by 8 lanes
Data rate sustained’ [MBytes/s] 200 32002 32002
Mechanical
Box size [mm°] 191 x 108 x 62 - -
Weight [a] 750 - -
Bus width mechanical [lanes] - 163 8
Board width (ADQ14AC) [slot] - 2 1 slot 4TE
Board width (ADQ14DC) [slot] - 2 2 slot 8TE
Board length - short 160 mm
Board height - 3U
Electrical
Power supply External® 6-pin ATX power From chassis
Bus width electrical [lanes] - 8 8
Temperature range
Operation [°C] 0to 45 0to 45 Oto 455
Compliances
CE v v v
RoHS2 v v v

1. This is depending on the capacity of the complete system including the host computer.

2. On 8 lanes.

3. The wide contact is required to support the weight of the board.

4. Use only the power supply which is included in the delivery of ADQ14-USB.

5. High fan setting required if available on the chassis.
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Table 10: Firmware options functions overview

MODEL |ADQ14AC

OPTION |-FWDAQ |-FWATD -FWPD

Trigger modes

Software trigger v v v
External trigger v v v
Common level trigger v

Individual level trigger V2

PXle backplane trigger3 v v
Internal trigger v v v
Trigger output

Internal trigger 1] v v v v
Trigger event v v v v
Clock

All clock modes v v v v
Sample skip v v
Multi-unit sync v

Data acquisition modes

Continuous streaming v v
Triggered streaming w header v v v v
Triggered streaming w/o header v v
Multi-record v v

1. All channel trigger on one selected channel.
2. Each channel trigger independently of the others.
3. Requires —PXIE option in a chassis with PXle trigger support.
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Table 11: Data acquisition parameters

MODEL |ADQ14AC AND ADQ14DC

OPTION |-2A -2C —-1X
Triggered streaming
Re-arm time [ns] 8 8 16 8 8 16
Pre-trigger [samples] 16 ki 16 ki 16 ki 16 ki 16 ki 16 ki
Pre-trigger step [samples] 4 4 8 4 4 8
Trigger delay [samples]| 232_4 | 232_4 | 232_q | 2321 | 2%2_1 | 2%2_4
Trigger delay step [samples] 4 4 8 4 4 8
Record length max [samples] 2 Gi 2 Gi 2Gi 2Gi 2Gi 2Gi
Record length min [samples] 8 8 16 8 8 16
Record length step [samples] 1 1 1 1 1 1
Multi-record
Re-arm time [ns]] TBD TBD TBD TBD TBD TBD
Pre-trigger [samples] Record length
Pre-trigger step [samples] 4 4 8 4 4 8
Trigger delay [samples]| 232_1 | 2%2_4 | 232_q | 232_1 | 2%2_1 | 2%2_4
Trigger delay step [samples] 4 4 8 4 4 8
Record length max [samples]| 500 Mi 500 Mi 1000 Mi | 250 Mi 250 Mi 500 Mi
Record length min [samples]| TBD TBD TBD TBD TBD TBD
Record length step [samples] TBD TBD TBD TBD TBD TBD
Continuous streaming
Data rate | PC link speed limit

Table 12: Software support
MODEL |ADQ14AC ADQ14DC

OPTION |-2A |-2C |-1X |-4A |-4C |-2X |-2A |-2C |-1X |-4A |-4C |-2X

Operating systems

Windows 7 32b and 64b v v
Windows 8/ 8.1 v v
Windows 10 v v
Linux Kernel 2 and 3, main distributions Kernel 2 and 3, main distributions
Application

ADCaptureLab? Acquisition and analysis Acquisition and analysis
MATLAB?Z API, examples API, examples

C/C++ API, examples API, examples

.Net (C#, Visual Basic) API, examples API, examples

Python Example scripts Example scripts
LabVIEW DLL import DLL import

1. Contact an SP Devices sales representative for information about currently supported distributions.
2. Windows only.
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3  Absolute maximum ratings

Exposure to conditions exceeding these ratings
may reduce lifetime or permanently damage the
device.

The ADQ14-USB and ADQ14—PCIE has a built-in
fan to cool the device. ADQ14-PXIE is cooled
from the chassis fan. The built-in temperature
monitoring unit will protect the ADQ14 from over-

Table 13: Absolute Maximum Ratings

ADQ14 Datasheet

heating by temporarily shutting down parts of the
device in an overheat situation.

The SMA connectors have an expected life time of
500 operations. For frequent connecting and dis-
connecting of cables, connector savers are
required.

MODEL |ADQ14AC ADQ14DC

OPTION [-2A |-2C |-1X |-4A |-4C |-2X |-2A |-2C |-1X |4A |-4C |-2X
Analog input
AC (with ovp) See Table 3 See Table 3
AC w/oovp f>10 MHz  [Vpp] 5 TBD
AC w/oovp f<10 MHz  [Vpp] 2.75 TBD
DC max’ V] +7 See Table 3
DC min’ V] -3 See Table 3
External clock reference
Signal level AC [Vpp] 5 5
Signal level DC [Vl +5 +5
External trigger input
Signal level to GND min [V] -2.3 -2.3
Signal level to GND max [V] +5 +5
External sync input
Signal level to GND min V] -0.5 -0.5
Signal level to GND max V] +3.8 +3.8
Power supply
Voltage to GND (min) V] -0.4 -0.4
Voltage to GND (max) V] 14 14
Temperature
Operating (min) [°C] 0 0
Operating (max) [°C] 45 45
Standard GPIO
Trigger input Se trigger specification Se trigger specification
Sync Se sync specification Se sync specification
GPIO Expansion —GPIO
Voltage to GND (min) V] -0.5 -0.5
Voltage to GND (max)? V] 4.6 4.6
Max output current per pin [mA] 33 33
Max total output current  [mA] 200 200
Variable gain -VG
Relay switching cycles ‘ N/A 106

1. The combination of AC and DC level must never exceed DC level limits.
2. A voltage on a GPIO input higher than 3.3 V may change the output voltage on GPIOs which are set to out-

puts. This may damage external equipment.
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Frequency response’
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Figure 2: ADQ14AC-2X (TBC)

Figure 1: ADQ14AC-4C (TBC)
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Figure 4: ADQ14DC-2X

Figure 3: ADQ14DC-4C

All values are preliminary
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Spectral performance1
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Figure 16: ADQ14DC-2X: 100 MHz

Figure 15: ADQ14DC-4C: 71 MHz
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7 Functional overview 7.3  Signal processing

7.1 Block diagram There is support for real-time signal processing on
the digitizer:

The digitizer includes an analog front-end with sig- itz _ _

nal conditioning, A/D conversion and a digital * Level trigger for event detection.

back-end for data flow control, triggering and host «  Gain and offset calibration.

communication, see Figure 17 and Figure 18. «  Realtime waveform averaging (option —

This section describes functions included in the FWATD).

standard data acquisition firmware package «  Pulse data zero suppression (option -FWPD).

—FWDAQ with references to optional functions. - DDC and decimation (option ~FWSDR).

7.2 Datarecording «  Custom real-time signal processing can be
implemented in the FPGA using the ADQ14

There are several methods for data recording to i
Development Kit.

serve different use cases:

- Continuous multi-record recording using on- /-4 Trigger
board DRAM for very long records. There are several trigger modes:

« Triggered streaming for fast data transfer and
long measurement time.

»  Continuous streaming of data to the host PC o ] ]
for real-time analysis of data. This mode * Individual level trigger for multi-channel pulse
requires data rate reduction, for example, capture (option -FWPD).
channel masking, decimation (option — »  Software for user’s control.
FWSDR), sample skip, or custom implemen-  «  |nternal for automatic sequencing.

tation using the ADQ14 Development Kit. There is also a trigger output for triggering exter-
To support data recording, there is 2 Gbytes of on-  nal equipment. The trigger timing relative the data
board DRAM. See application note about data is controlled by a pre-trigger buffer and the trigger
acquisition modes for more details. delay parameter. The trigger input and output
share the same connector. The trigger output is

+ External for synchronization.
» Level trigger for data driven acquisition.

Clock
Management
Clock
Management

-

Timing control1
Timing control
PCle controller

PCle controller
PCle / PXle / cPCle interface

PCle / PXle / cPCle interface

User logic
User logic

>
)
O

> >
o] [,
OO

y v v v | v | .

>
g
(@)

Calibration
v v v
Data flow control
Calibration
r v v
Data flow control

X

i
ADC
ADC I

USB3 controller
USB3 controller

>
@)
(@)

>

v}

@)
USB3.0 interface
USB3.0 interface

DRAM controller DRAM controller
= | 4

2 Gbyte DRAM 2 Gbyte DRAM

Figure 17: Block diagram 4-channel DC-coupled. Figure 18: Block diagram 2-channel AC-coupled.
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used when the ADQ14 is master and trigger the
external equipment. The trigger input is used
when the external equipment is master.

7.5 Clock
There are several modes for clocking the digitizer:

* Internal clock for stand alone operation.

« External clock reference input for synchroni-
zation where the external equipment acts as
master.

»  PXle clock reference from backplane1.

+ Set the sample rate by using sample skipz.
« External direct clock.

There is also a clock reference output for synchro-
nization where the ADQ14 act as master.

7.6  Multi-unit synchronization

The sync pin is intended for synchronization of a
set of digitizers. The synchronization requires
firmware option —-FWPD.

7.7 GPIO

The GPIO (general purpose digital input output) is
intended for communication with external equip-
ment. The GPIO is accessed from the software
through register read and write commands. In this
way, it is used for creating a link to and from the
external equipment to the user’s software applica-
tion.

Real-time interaction with the data flow is also
possible through the ADQ14 Development Kit.
The GPIO signals are available in the user logic
area and can be used for interacting with the data
and control in real-time.

The standard version of ADQ14 has GPIO as a
software selectable function on the trigger and
sync connectors. This means that the connectors
are either used as trigger and sync, or as GPIO
signals. On the —USB and —PXIE version, the con-
nectors are on the front panel. On the —PCIE ver-
sion, the trigger is on the front panel whereas the
sync is an internal connector on the PCB.

For advanced GPIO requirements, the option —
GPIO offers 12 digital signals with individual direc-
tion control. The —GPIO option is included in the
variable gain option —-VG. See Section 11 for

1. Option —PXIE and a backplane with clock reference
support is required.

2. Sample skip cannot be combined with level trigger
nor option —-FWPD.

ADQ14 Datasheet

more details.

8 Software tools

8.1 Operating systems

The software package includes drivers for the
main operating systems.

8.2 ADCaptureLab

The ADQ14 is supplied with the ADCaptureLab
software that provides quick and easy control of
the digitizer. The tool also offers both time-domain
and frequency-domain analysis, see Figure 19.
Data can be saved in different file formats for off-
line analysis. With ADCaptureLab, the ADQ14
operates as a desktop oscilloscope.

ADCapturelLab is available for Windows only.

7 oCapturela

Signal

nnnnnn

‘Amplitude [4BFS]
Sk & 88 kb

EEEEE
Frequency [MHz]

Figure 19: ADCaptureLab (Typical)

8.3

The ADQ14 digitizer is easily integrated into the
application by using the software development kit.
The SDK is included with the ADQ14.

The SDK includes programming examples and
reference projects for several platforms. The
ADQAPI reference guide describes all functions in
detail. Many examples and application notes sim-
plify the integration process.

Software development kit (SDK)

Using the SDK enables rapid custom processing
of large amounts of data and real-time control of
the digitizer.

14-1290 PB9
2015-12-18
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9 Analog front-end options

ADC

o—~ADC ADC
*Lang] *Lanc

AC-coupling (ADQ14AC)

The AC-coupled analog front-end contains overvoltage protection
and software programmable DC-offset. The DC-offset is set in 31
steps and the range is covering the full signal range. The settings
are user controlled via software.

Then, the overvoltage protection can be turned off for higher linear-
ity at high frequencies. This is done with a software command.

The AC-coupled AFE is preferred where the frequency content is
above 300 MHz (approximate limit) where the linearity is better than
for the DC-coupled front-end.

The AC-coupled AFE also has the best noise performance.

Note that the AC-coupled AFE is not recommended for signals
below 30 MHz.

DC-coupling (ADQ14DC)

The DC-coupled analog front-end contains overvoltage protection
and software programmable DC-offset. The DC-coupled AFE also
has a noise-suppression anti-aliasing filter. The DC-offset is set in
31 steps and the range is covering the full signal range. The set-
tings are user controlled via software.

The overvoltage protection is crucial in pulse data systems where
high voltage detectors are driving the input. The overvoltage protec-
tion reduces the damage at accidental discharges.

The DC-coupled analog front-end is preferred where linearity below
300 MHz (approximate limit) is important.

Variable gain option (ADQ14DC-VG)

The ADQ14DC can be equipped with software-controlled variable
gain. Note that the DC-offset is rail-to-rail regardless of the gain set-
ting.

Sample rate and number of channels
(-2A, —2C, —1X, —4A, —4C, -2X)

° D
o o[A2C  The ADQ14 is available in non-interleaved version (500 MSPS and
1000 MSPS) and in interleaved version (2000 MSPS). The inter-
jé -1X j’é 2X leaving performance is enhanced by SP Devices’ proprietary tech-
nology for interleaving, ADX.
ADQ14 is available with 1, 2 or 4 channels depending on the
selected sample rate.
14-1290 PB9
2015-12-18 17(24)
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10 Firmware options

ADQ14 Datasheet

Calibration
~_~
ADX, DBS
Sample Skip
=~

(@P« Trigger control

s &
DRAM controller l
|| PCle controller l
USB3.0 controller

System control

Time-stamp

[y

Calibration -FWATD
ADX DBS

©< gger contro

[ Advanced Threshold |

[ Waveform averaging |

[ DRAM ctrl, Double buffer

Data flow
control

ADC . \olo}
Calibration J| Calibration GaWix®
[ pbBS |[ DBS |

JEJE
[ Level trig | [ Level trig |

(™ gger contro e-stamp
4

[ Data compression |

DRAM controller I

Il PCle controller I
USB3.0 controller
Data flow
control System control

Data acquisition firmware (-FWDAQ)

This firmware is always included in the ADQ14. It supports the data
acquisition modes continuous multi-record, triggered streaming and
continuous streaming. The trigger modes external, internal, soft-
ware and level trigger are supported as well as internal and external
clock reference.

(ADX is included in interleaved models.)

Advanced time-domain (-FWATD)

This firmware option is intended for time-domain analysis of syn-
chronized repetitive events.

It includes advanced threshold algorithm for non-linear discrimina-
tion of noise. There is also a waveform averaging (WFA) for real-
time accumulation of repetitive events. This contribute to improved
SNR. The WFA can take waveforms up to 1 MSamples in length.
The WFA may also be split into several accumulations of a total
length up to 1 MSamples to simplify read-out scheduling.

The DBS algorithm is used for achieving a stable baseline.
(Available Q1 2016)

Pulse data (-FWPD)

This firmware is optimized for capturing random events. Each chan-
nel is individually event-triggered. Trigger level is a user-defined
level or a filtered data for adaptive thresholding. The record length
is dynamic for random event length. Data compression through
zero suppression saves disk space.

The DRAM of 2 GByte is used as a data FIFO to buffer bursts of
events before transferring data to the host PC.

The DBS algorithm is used for achieving a stable baseline.

Software defined radio (-FWSDR)

ADC ADC
Calibration | Cal. IEEREAERIE This firmware implements software defined radio functions. It
__ADX ADX_| includes digital down conversion and decimation. After decimation
the data rate is well adapted to streaming to the host PC.
[ bbc |[ DDC | -
| Filter, Decimation | = (Availability TBD.)
@‘7 gger contro e-stamp é
DRA 0] olle o
2 ontro O
o
Data flow B:0icantra 3
control em contro £
14-1290 PB9
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11 Feature enhancement options

[ADX, DBS| [ADX, DBS]|

Sam;% Skip

©)¢
4

User Logic

Example

Trigger control

Time-stamp Bk 4

Data flow
control

! ®

ADQ14DC-4C-VG-PXIE

Getting real-time custom signal processing firm-
ware through the ADQ14 Development Kit

The ADQ14 is equipped with an powerful Xilinx Kintex 7 K325T
FPGA which is partly available for customized real-time applica-
tions.

SP Devices’ ADQ14 Development Kit is an optional FPGA design
project that enables custom real-time signal processing of stream-
ing data. More details about this product can be found in the data-
sheet for the ADQ Development Kit.

The ADQ14 Development Kit is purchased separately.

GPIO for connecting to external equipment (—-GPIO)

The option for general purpose digital input and output (—-GPIO)
offers digital bi-directional signals. The direction of each pin is set
individually. The signal level is 3.3V CMOS or LVDS.

The signals are accessed from the API through read and write com-
mands to the corresponding registers. The direction is also set from
software. At start-up, all pins are default inputs. The GPIO can also
be accessed in the FPGA via the ADQ14 Development Kit for real-
time interaction with the data flow.

The variable gain option, —VG, always includes the —GPIO option.

Additional to the —GPIO option, a custom GPIO expansion card can
be provided. The design of a custom GPIO expansion card is avail-
able through SP Devices’ design service. Please contact an SP
Devices’ sales representative for more information.

14-1290 PB9
2015-12-18
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12 Data interface options

Stand-alone operation with USB3.0 interface (-USB)

The SuperSpeed USB3.0 interface is intended for stand-alone
operation and allows the ADQ14 to be physically integrated with the
detector rather than the host PC. This means that the cable
between the detector and the digitizer is kept as short as possible
for optimized signal quality. The USB box includes flanges for fas-
tening of the box and screw attachment of the USB cable.

With the USB3.0 interface, the digitizer is easily connected to any
computer. The sustained data rate can be up to 200 MBytes/s and
combined with on-board signal processing, an efficient solution is

available.

Modular instrumentation with cPCle / PXle (-PXIE)

The cPCle / PXle form factor is intended for integration into a chas-
sis for modular instrumentation or large scale acquisition. The
ADQ14 can operate in Compact PCI Express or PXI Express chas-
sis. Using the multi-unit sync function, multi-channels systems can
be achieved.

Use peer-to-peer streaming at up to 3.2 GBytes/s for sending data
to disk or additional computational FPGA cards (ADQDSP).

In a PXI Express chassis, the clock reference from the backplane
can be used as clock reference for the digitizer.

Systems integration with PCle interface (—-PCIE)

The PCle form factor is for integration into the host PC. The high
speed PCle interface can handle data rates up to 3.2 GBytes/s.
This is specially useful when combining the digitizer with heavy
computation in, for example, a GPU in the same PC. The board is
half length to enable compact solutions.

.
-
0

ADQ14DC.2x

| ow ADQ14DC-2X

N Large scale integration with Micro-TCA.4 (-MTCA)

l The Micro-TCA.4 form factor is intended for integration into a chas-
0

sis for modular instrumentation or large scale data acquisition.

Apatapc # SPDevices

| The Micro-TCA.4 card is equipped with the —GPIO option as stan-
dard. (The variable gain option, —=VG, is not available.)

P

AAALAL

”!@

ADQ14DC—4C-MTCA

14-1290 PB9
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13 Appendix

13.1 USB fastening

191.0
179.0 ‘
‘ 171.0 ‘

l_\

60.0

N B

13.2 Cable attachment

All cables have lock function so that no cable should fall out unintentionally.

FUNCTION CONNECTOR LOCK FUNCTION

Analog SMA 4 4 4 v Screw

Trigger SMA v v v v Screw

Clock ref SMA v v v v Screw

Sync SMA v 4 4 Screw

Sync MCX v Snap lock. Placed internally in PC chassis
Power DIN v Snap lock

Power Backplane 4 4 Screw attached board in chassis

Power PCle Aux v Snap lock

GPIO Hirose v v v v Snap lock

Data/control | USB3.0 v Screw attachment vision USB standard’
Data/control |Backplane v v v Screw attached board in chassis

1. Optional cable solution. Not included in standard shipment.

13.3 Power supply of —PCIE card

The ADQ14-PCIE is powered from the power supply of the PC via a PCI Express 6-pin (2x3) auxiliary
75W power supply connector. The connection in the cable should be as in Figure 20 (a). Some power
supplies do not have this connector and an adapter as in Figure 20 (a) is required.

It is important that the axillary power supply is turned on immediately when the PC start. Otherwise, the
digitizer will not be recognized on the PCI Express bus.

14-1290 PB9
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Pn1 Pind

{Black) GND
J(]| ] E]]{Black} Sense0

e

+12V (Yellow)

+12V (Yellow) |; (Black) GND
Pin3 Pind
(a) Cable connection (b) Cable adapter example

Figure 20: Power supply of —-PCIE

13.4 Micro-TCA backplane connectors

PORT FUNCTION SIGNALING ADQ14-MTCA AVAILABILITY

0,1 1 GbE N/A N/A

2,3 SAS/SATA N/A N/A

4,5 6,7 PCle PCle Gen2 x4 Main data and control interface

8,9,10, 11 SRIO N/A N/A

12,13, 14,15 P-t-P High speed serial  |Available through ADQ14 Development Kit only
16 TCLKC/D N/A N/A

17,18, 19, 20 Tr/clk/int LVDS Available through ADQ14 Development Kit only
Clk 1 TCLKA LVPECL Clock reference, select from API

Clk 2 TCLKB LVPECL Clock reference, select from API

Clk 3 FCLKA PCle clock PCle interface reference clock

Available through the ADQ14 Development Kit only means that the physical connection is on the board,
but there is no function defined for the signal. The signals are available for inclusion in custom firmware
in the FPGA. The custom firmware is designed using the ADQ14 Development Kit.

13.5 LED definitions

COLOR NAME FUNCTION STATE

Green Power Power on On: Power on and FPGA is operating

Yellow Ready Waiting for trigger | The ADQ14 is set up to accept trigger and wait
for the trigger

Red Status Overheat Flashing means overheating or fan fault.

Blue User Custom On during initialization of the board. Available for
custom implementation in ADQ14 Development
Kit

Red Attention Attention LED for  |Attention LED for PXle

PXle
14-1290 PB9

2015-12-18 22(24)
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Ordering information

ORDERING INFORMATION

ADQ14 AC-coupled ADQ14AC

ADQ14 DC-coupled ADQ14DC

AVAILABLE OPTIONS

Host PC interface -USB, —-PCIE, —-PXIE, -MTCA
Analog front-end options —2A, -2C, —-1X, —4A,-4C, -2X, -VG
Firmware options —FWDAQ, -FWATD', -FWPD, —-FWSDR?
GPIO option -GPIO

RELATED PRODUCTS

ADQ14 Development Kit ADQ14 Development Kit
ADQ14-GPIO cable assembly 1m 2 108-004-003

connectors

USB3.0 cable with screw lock 108-002-006

1. Beta release available 2015 Q4
2. Availability TBD

References

14-1397 ADQ14-FWATD datasheet
15-1455 ADQ14-FWPD datasheet
15-1469 ADQ14-FWSDR datasheet
15-1468 ADQ14 LabVIEW app note
15-1413 ADQ14-GPIO datasheet

o
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Important Information

Signal Processing Devices Sweden AB (SP Devices) reserve the right to make corrections, modifica-
tions, enhancements, improvements, and other changes to its products and services at any time and to
discontinue any product or service without notice. Customers should obtain the latest relevant informa-
tion before placing orders and should verify that such information is current and complete. All products
are sold subject to SP Devices’ general terms and conditions supplied at the time of order acknowledg-
ment.

SP Devices warrants that each product will be free of defects in materials and workmanship, and con-
form to specifications set forth in published data sheets, for a period of one (1) year. The warranty com-
mences on the date the product is shipped by SP Devices. SP Devices’ sole liability and responsibility
under this warranty is to repair or replace any product which is returned to it by Buyer and which SP
Devices determines does not conform to the warranty. Product returned to SP Devices for warranty ser-
vice will be shipped to SP Devices at Buyer’s expense and will be returned to Buyer at SP Devices’
expense. SP Devices will have no obligation under this warranty for any products which (i) has been
improperly installed; (ii) has been used other than as recommended in SP Devices’ installation or oper-
ation instructions or specifications; or (iii) has been repaired, altered or modified by entities other than
SP Devices. The warranty of replacement products shall terminate with the warranty of the product.
Buyer shall not return any products for any reason without the prior written authorization of SP Devices.

In no event shall SP Devices be liable for any damages arising out of or related to this document or the
information contained in it.

SP DEVICES' EXPRESS WARRANTY TO BUYER CONSTITUTES SP DEVICES’ SOLE LIABILITY
AND THE BUYER’S SOLE REMEDY WITH RESPECT TO THE PRODUCTS AND IS IN LIEU OF ALL
OTHER WARRANTIES, LIABILITIES AND REMEDIES. EXCEPT AS THUS PROVIDED, SP DEVICES
DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING ANY WARRANTY OF MER-
CHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT.

SP DEVICES DOES NOT INDEMNIFY, NOR HOLD THE BUYER HARMLESS, AGAINST ANY LIABIL-
ITIES, LOSSES, DAMAGES AND EXPENSES (INCLUDING ATTORNEY’S FEES) RELATING TO
ANY CLAIMS WHATSOEVER. IN NO EVENT SHALL SP DEVICES BE LIABLE FOR SPECIAL, INCI-
DENTAL OR CONSEQUENTIAL DAMAGES, INCLUDING LOST PROFIT, LOST DATA AND THE
LIKE, DUE TO ANY CAUSE WHATSOEVER. NO SUIT OR ACTION SHALL BE BROUGHT AGAINST
SP DEVICES MORE THAN ONE YEAR AFTER THE RELATED CAUSE OF ACTION HAS ACCRUED.
IN NO EVENT SHALL THE ACCRUED TOTAL LIABILITY OF SP DEVICES FROM ANY LAWSUIT,
CLAIM, WARRANTY OR INDEMNITY EXCEED THE AGGREGATE SUM PAID TO SP BY BUYER
UNDER THE ORDER THAT GIVES RISE TO SUCH LAWSUIT, CLAIM, WARRANTY OR INDEMNITY.

Worldwide Sales and Technical Support
www.spdevices.com
SP Devices Corporate Headquarters

Teknikringen 6
SE-583 30 Linképing

Sweden

Phone: +46 (0)13 465 0600
Fax: +46 (0)13 991 3044
Email: info@spdevices.com

Copyright © 2015 Signal Processing Devices Sweden AB.

All rights reserved, including those to reproduce this publication or parts thereof in any form without permission in writing from SP Devices.

SWEDEN | Signal Processing Devices Sweden AB | Teknikringen 6, SE-583 30 Linkdping | Phone: +46 (0) 13 4650600 | Fax: +46 (0) 13 991 3044
SWITZERLAND | Signal Processing Devices | 275, Route de Saint-Julien, CH-1258 Perly, Geneva | Phone: +41 78 845 5657

US | Signal Processing Devices Inc. | 2603 Camino Ramon, Suite 200, San Ramon CA 94583 | Phone: +1 415 533 1341

www.spdevices.com
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