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Warranty
Due2lab s.r.l. warrants this product to be free from defects in material and workmanship for a period of 1
year from date of shipment. During the warranty period, we will, at our option, either repair or replace any
product that proves to be defective. To exercise this warranty, write or call Due2lab s.r.l. You will be given
prompt assistance and return instructions.
Limitation of Warranty
This warranty does not apply to defects resulting from product modification without Due2lab s.r.l.
express written consent, or misuse of any product or part. This warranty also does not apply to problems
arising from normal wear or failure to follow instructions.
This warranty is in lieu of all other warranties, expressed or implied, including any implied warranty of
merchantability or fitness for a particular use. The remedies provided herein are buyer’s sole and exclusive
remedies. Neither Due2lab srl nor any of its employees shall be liable for any direct, indirect, special,
incidental or consequential damages arising out of the use of is instruments and software even if due2lab
srl has been advised in advance of the possibility of such damages. Such excluded damages shall include,
but are not limited to: costs of removal, and installation, losses sustained as the result of injury to any
person, or damage to property.

Safety Precautions
Do not open CZT Sensor Unit neither DPP Unit without the express consent of Due2lab s.r.l.
Pay attention when handling CZT Sensor Unit because of the significant weight of the collimation kit.

THIS DOCUMENT CONTAINS PROPRIETARY INFORMATION OWNED BY DUE2LAB AND MAY NOT BE USED, DISCLOSED OR DUPLICATED IN WHOLE OR IN PART FOR ANY PURPOSE INCLUDING DESIGN, MANUFACTURE OR PROCUREMENT.

due2lab s.r.l. – 2019 All rights reserved

1 of 13

Summary
1.

First inspection ............................................................................................................................... 3

2.

Product overview ............................................................................................................................ 4
2.1

Description ......................................................................................................................................... 4
CZT Sensor Unit.............................................................................................................................. 5

3.
3.1

Sensor enclosure ................................................................................................................................ 5

3.2

Collimator Kit ..................................................................................................................................... 6

3.3

Digital Pulse Processor Unit ............................................................................................................... 6

3.4

Front panel ......................................................................................................................................... 7

3.5

Rear panel .......................................................................................................................................... 8

4.

Quick Start Connections ................................................................................................................. 9

5.

Mechanical drawings .................................................................................................................... 11
5.1

CZT Sensor Unit (D2L001) ............................................................................................................... 11

5.2

Collimator Kit ................................................................................................................................... 12

5.3

DPP Unit (D2L009) ........................................................................................................................... 13

THIS DOCUMENT CONTAINS PROPRIETARY INFORMATION OWNED BY DUE2LAB AND MAY NOT BE USED, DISCLOSED OR DUPLICATED IN WHOLE OR IN PART FOR ANY PURPOSE INCLUDING DESIGN, MANUFACTURE OR PROCUREMENT.

due2lab s.r.l. – 2019 All rights reserved

2 of 13

High-flux X-ray Spectrometer (HXS) is a spectroscopic system based on CdZnTe technology designed for
industrial X-ray multi-energy hyperspectral measurements. HXS system has been developed by Due2lab to
perform in-line spectroscopic measurements in presence of a high-flux X-ray beam (count rate up to 1 Mcps).
HXS system consists of a CdZnTe sensor, a front-end and back-end electronics for signal read-out. HXS employs
an electronic processing board (FPGA) equipped with calculation algorithms for hyperspectral measurements
acquisition. The digital processing board sends the processed spectra to the PC through an Ethernet interface
and it is supplied with MatLab drivers. The HXS system is supplied with a mechanical fixing collar and a collimator
kit.

1. First inspection
HXS spectrometer has been carefully inspected electrically and mechanically before shipment. After unpacking
all items from the shipping cartons, check for any obvious signs of physical damage that may have occurred
during transit. Report any damage immediately to Due2lab. Save the original packing carton for possible future
shipment.
HXS system is delivered in two carton shipping boxes: the first one contains D2L001, the CZT Sensor Unit, and
the second contains D2L009, the Digital Pulse Processor (DPP) Unit.
The following items are included in the D2L001 shipping box:
• D2L001 Unit, with collimator kit
• 1 SMA-SMA coaxial cable
• 1 tripolar cable (±5 V) with M12 circular connectors

The following items are included in the D2L009 shipping box:
•
•
•
•
•

D2L009 Unit
1 power supply cable with Schuko plug
1 ethernet cable
1 USB key with HXSpectro software installation files and documentation
1 tweezer for SD card removal
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2. Product overview
2.1

Description

HXS is one of the first product conceived by Due2lab, originally developed for X-rays non-destructive tests
for industry. It combines a CZT Sensor Unit (D2L001), containing a CZT sensor and a single-channel low
noise charge-sensitive preamplifier, and a single-channel Digital Pulse Processor Unit (D2L009-1),
containing an FPGA digital pulse processor. It requires only 2 connection to run: a 220 Vac power cable and
an Ethernet connection. With HXS anyone can rapidly obtain high quality X-ray spectra.

CZT Sensor Unit (D2L001) with collimator kit

Single channel DPP Unit (D2L009-1)
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3. CZT Sensor Unit
CZT sensor mounted in D2L001 is a 4.1 x 4.1 x 2.8 mm3 single-pixel CZT detector. The detector is coupled
with a proprietary low-noise single-channel charge sensitive preamplifier and does not require any cooling
for noise reduction.
After amplification, the signal is transmitted over the digital pulse processing interface to the user’s
computer. The digital pulse processor replaces both the shaping amplifier and multichannel analyzer found
in most analog systems. Employing a digital pulse processor ensures better performance and optimal energy
resolution, specially at higher count rates (up to 1 MCps), in addition to greater flexibility in acquisition
configuration options. The FPGA digitizes the preamplifier output, applies real-time digital processing to the
signal, detects the peak amplitude (digitally), and bin this value in its histogramming memory, generating an
energy spectrum.

3.1

Sensor enclosure

The green enclosure is the sensing unit of HXS system. It contains the CZT X-ray detector, the High Voltage
(HV) module to constantly polarize the detector at -850V (at the cathode) and the single-channel charge-sensing
preamplifier circuit.
Collimator
Alignment
collar

SMA signal connector

Connector M12 for power supply

Two connectors are present on one side of the enclosure:
- SMA connector for transmitting the signal from the preamplifier to DPP Unit;
- M12 tripolar connector for powering up the preamplifier board and HV module.
In the D2L001 packaging box the User will find also the cables to be plugged between Sensor Unit and DPP
Unit:
- SMA-SMA cable.
- Tripolar power cable.
The sensor unit must be mounted in front of the X-ray source. A precise alignment between the incident X-ray
beam and D2L001 collimator kit is crucial to obtain a correct quantitative measurement of the X-ray photon
counts.
The CZT detector has been precisely aligned at due2lab in correspondence of the collimator kit hole. Therefore,
in order to ensure a correct alignment between X-ray source and the sensor unit, we suggest using a mounting
bracket to be attached the collimator cylinder as mechanical reference. The mechanical dimensions and tolerance
of the cylinder are visible in the mechanical drawings.
In any case we recommend not to open the Sensor Unit because this could affect permanently the performance
of the system. The User must consider that few seconds are needed for stabilizing detector polarization after
powering up the Sensor Unit. Please wait few minutes before measuring after power up.
Warning: accidental fall of CZT Sensor Unit, even from short distances, may cause irreversible damage to CZT
sensor alignment and completely foreclose the functioning of the system.
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3.2

Collimator Kit

Collimator kit is an essential part of D2L001 enclosure since it strongly improves spectral resolution of the
HXS system. X-rays interacting near the edges of the active volume of the detector may produce smaller
amplitude pulses due to partial charge collection. These pulses would result as artefacts in the spectrum. The
collimator is needed to restrict X-ray incident beam to the sensor active volume, where only ‘clean’ signals are
produced.
Depending on the type of application, collimator must be modified and adapted to the maximum energy the
User wishes to detect. Collimator kit for detecting a maximum energy of 250 keV has been fabricated with a
special collimator holder made of bronze material, composed only by Cu and Sn, without any trace of Pb
(CC483K). Pb traces in the collimator kit would produce strong Ka and Kb fluorescence peaks that could be
detrimental for correct sensing. The collimators holder is 35 mm long and has an external diameter of 58 mm. It
houses an internal Aluminum cylinder with external diameter 6 mm and internal diameter 2 mm. The Aluminum
internal cylinder is needed to stop Cu and Sn fluorescence photons coming from the bronze collimator holder. 0.5
mm hole tungsten collimators (each 3.0 mm long) are positioned at the two extremities of the Aluminum internal
cylinder, at 35 mm.

Collimator kit for 250 keV max energy
With this special collimator kit, we ensure that our HXS system is perfectly compatible with high energy X-ray
sources, up to 300 keV.

3.3

Digital Pulse Processor Unit

DPP Unit (D2L009) contains the FPGA board together with power supplies for the whole system. Two versions
of DPP Unit exist: single-channel (D2L009-1) and 8-channels (D2L009-8). For instance, several DPP Units can
be connected together to read more than 8 channels synchronously.
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Single-channel DPP Unit is characterized by the following connectors on the Front panel:
- 1 SMA connectors (SIGNAL)
- 1 M12 connector (POWER)
And on the Rear panel:
- 1 Power supply plug
- 1 Power switch
- 1 Ground screw (GND)
- 2 Synchronization connectors (SYNCHRONIZATION)
- 1 SD card slot
- 1 Ethernet connector (ETHERNET)

3.4

Front panel

The front panel of DPP Unit contains the two connections to/from the Sensor Unit.

SMA
Signal connector

Connector M12
for power supply

DPP Unit Front panel
Different versions of the D2L009 Unit exist, with a different number of channels, ranging from 1 to 8. D2L0091 is the single-channel DPP Unit. For each reading channel, two connectors are present. On the top, it is located
the SMA connector (indicated by label ‘SIGNAL’), where the SMA-SMA cable must be plugged. On the bottom, it
is located the M12 connector for powering of the Sensor Unit corresponding to that channel.
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3.5

Rear panel

The rear panel of DPP Unit contains the connections to the PC and /from the Sensor Unit.

Power supply
plug

Synchronization
connectors
Ethernet connector

Power Switch
Ground screw
SD-card for FPGA Firmware

DPP Unit Rear panel

The rear panel of DPP Unit is characterized by the following connections:
- Power supply plug
- Power switch
- Ground screw (GND)
- Synchronization connectors
- SD card slot
- Ethernet connector
Warning: SD card must not be removed during operation.
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4. Quick Start Connections

Schematic representation of HXS system connections
In order to put your HXS instrument in operation:
1. Unpack the two enclosures and cables with caution
2. Connect the CZT Sensor Unit (D2L001, green) to the DPP Unit (D2L009-1)
2.1. plug in ±5 V tripolar cable between D2L009 and D2L001 (left)
2.2. plug in SMA cable between D2L009 and D2L001 (right)

2.1

2.2
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SMA-SMA cable brings signal output from sensor/preamplifier to the digital pulse processor, while the tripolar
cable powers both the preamplifier and the high voltage multiplier which produce the detector bias voltage (-850
Volts to cathode).
3. Connect DPP Unit to the PC and power up the whole system
3.1. Connect the power supply cable to a 220 VAC electric plug
3.2. Plug in Ethernet connector in D2L009 and to the PC
3.3. Switch ON the red Power Switch
3.4. Ethernet LED will switch on

3.1

3.2

3.3

3.4

4. Open HXSpectro software on your PC (after having previously installed communication server and
software)
5. Test connection with HXSpectro using the specific button on the software main window
6. Start measuring!
Warning: make sure the Power Switch is on the OFF position (‘0’) when you plug-in or plug-out the power
supply cable.
The red light of the Power Switch will switch on only by plugging in the Power Supply cable, if the 220 Vac is
well connected. DPP Unit will be ON only after putting the Power Switch on ‘I’ position.
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5. Mechanical drawings
5.1

CZT Sensor Unit (D2L001)

Total size: 119 x 93 x 41 mm3 + collimator kit extension
Weight: 1.350 kg
Characteristics: aluminum IP54 box, SMA signal output, ±5V tripolar plug input, pyrolytic graphite window
0.1 mm thickness
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5.2

Collimator Kit

Total size: 35 mm (length) x 58 mm (diameter)
Characteristics: collimator holder made with CC483K Pb-free Bronze; internal Aluminum cylinder 6 mm
external diameter/2 mm internal diameter; 0.5 mm hole tungsten collimators, 3.0 mm long, positioned at 35
mm distance.
Mechanical tolerance
The mechanical tolerance of the collimator kit cylinder is h7 (superior limit 58,00 mm and 57,97 mm
minimum limit); for the mounting bracket we suggest a hole dimension of 58,00 with a H6 tolerance (superior
limit 58,019 mm and 58,00 mm minimum limit. In this configuration the backlash is around 0,049 mm.
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5.3

DPP Unit (D2L009)

D2L009 total size: 230 x 190 x 60 mm3
Weight: 0.8 kg
Characteristics: aluminum IP54 box, SMA signal input, ±5V tripolar plug output, Ethernet output to PC, SD
card slot, power supply plug for 220 VAC, On/Off power switch.
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