Using the Ketek PA3325-WB-0808 with a Vertilon PhotoniQ DAQ

Application Note

Overview
The Ketek PA3325-WB-0808 is an 8 by 8 silicon photomultiplier array that is ideal for
positron emission tomography (PET) applications. Its compact size, excellent timing
properties, and high photon detection efficiency make it well-suited for use in laboratory
PET experiments that demonstrate SiPM devices in combination with scintillators and
software signal processing algorithms.
In this application note we describe a simple, plug-and-play, real-world setup that
utilizes a Ketek PA3325-WB-0808 SiPM array in combination with standard, off-theshelf equipment from Vertilon. The equipment is configured to continuously capture
and measure the self-decay from a LYSO crystal attached to the SiPM array. The SiPM
array is connected to a Vertilon SIB864 sensor interface board that is in turn connected
to a Vertilon PhotoniQ IQSP582 charge integrating, 64 channel data acquisition system
(DAQ). A single 3 x 3 x 10 mm LYSO crystal is attached to one element (out of the 64
elements) of the SiPM array. The self-decay of the LYSO crystal is sensed by the SIB864 whose adjustable discriminator
generates a trigger to the IQSP582 DAQ whenever the signal from the SiPM element exceeds a user-defined threshold. For
each trigger, real-time data is displayed in the PhotoniQ’s graphical user interface and logged on an attached computer.

Electronics Setup
An electronics setup using the Ketek PA3325-WB-0808 SiPM array, a Vertilon SIB864 sensor interface board, and a Vertilon
PhotoniQ IQSP582 multichannel DAQ system is shown below. The Ketek PA3325-WB-0808 silicon photomultiplier array is
connected to the SIB864 which is positioned to detect incoming light from the LYSO crystal. The 64 outputs from the SIPM
array are routed on the SIB864 to the SIB connectors that connect to a PhotoniQ IQSP582 DAQ. The discriminator channel
on the SIB864 produces a trigger to the PhotoniQ whenever a radiation event is detected on any of the 64 SIPMs in the array.
The energy level threshold for the radiation event is adjustable using the PhotoniQ graphical user interface. Charge signals
from the 64 cathodes of the PA3325-WB-0808 device are acquired by the PhotoniQ for each trigger produced by the SIB864.
Digitized output data from the PhotoniQ is sent through a USB 2.0 connection to a PC for display and logging. In the figure
below, the PhotoniQ GUI is set to display an 8 x 8 image of the energy levels for each event captured.

Electronics Setup
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SIB864 Sensor Interface Board Description
The SIB864 sensor interface board is specifically designed for use with the Ketek PA3325-WB-0808 8 x 8 SiPM array. The
SIPM device is inserted into the bottom side of the printed circuit board where the 64 cathode output signals are routed directly
to the sensor interface board (SIB) connectors. Two identical micro-coaxial cable assemblies connect to the SIB connectors
and pass the 64 device outputs to the PhotoniQ DAQ. Bias to SIPM array is provided on a high voltage cable by the PhotoniQ
where it can be enabled and configured through the PhotoniQ graphical user interface. A special current-sense output from
the bias interface circuitry is routed to the input of a variable gain preamplifier on the SIB864 to represent the total current
signal to all 64 SIPM channels. This signal, which is available to the user on an SMB jack, is fed into a user-programmable
threshold leading edge discriminator. The discriminator generates a trigger signal on an SMB jack when an event exceeding
a predefined energy threshold is detected on the PA3325-WB-0808 device. The trigger output is connected to the trigger input
of the PhotoniQ data acquisition system where it is used to initiate the collection of the energy signals from the SIPM array
connected to the DAQ system’s inputs. A temperature sensor located on the SIB864 provides a continuous readout of the
ambient temperature near the PA3325-WB-0808. The block diagram for the SIB864 is shown below.
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Crystal Attachment and Location
The SIB864 sensor interface board with associated cabling is held in a benchtop vise so that the Ketek PA3325-WB-0808
SiPM array is facing upwards. Using only a small amount of optical grease, the 3 x 3 x 10 mm LYSO crystal is attached to the
array in a position over SiPM device number D5. This corresponds to channel 29 in the PhotoniQ IQSP582 DAQ. The complete
assembly is placed in a light tight enclosure with the exiting cables connecting to the IQSP582 and an oscilloscope.

Location of LYSO Crystal on SiPM Array

Operating Conditions
The operating parameters for the SiPM array as well as the discriminator on the SIB864 sensor interface board are set through
the PhotoniQ graphical user interface. The Ketek PA3325-WB-0808 is biased from the internal high voltage bias supply in the
IQSP582. It is set to negative 27 volts and connected to the SIB864 through the twisted blue and while cable shown in the
figure above. The SIB864 discriminator parameters are generally determined empirically. The preamp gain was set to medium,
the discriminator was enabled, and the discriminator threshold was set to 15%. The IQSP582 GUI dialog box shown below
illustrates the configuration parameters for the setup.

SIB864 Dialog Box
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SIB864 Output Signals
The SIB864 discriminator generates a logic signal when a pulse from the preamplifier exceeds a user-defined threshold. The
SIB864 GUI dialog box allows the user to set this threshold between 0 and 50% where 50% is equal to one half of the
maximum possible signal amplitude in the discriminator channel. When a pulse is detected, the trigger output from the board
becomes active. The polarity can be set to either positive or negative. In the figure below, a positive-going current pulse into
the preamplifier results in a negative-going pulse on its output. This pulse is compared to the user-adjusted threshold. A logic
high is generated on the trigger output after a small delay (td) from when the pulse first crosses the threshold, Vth. The
discriminator switches back to a logic low when the pulse crosses the threshold from the opposite direction as it returns back
to the baseline level.
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Leading Edge Discriminator Timing
In this demonstration, the preamp and trigger outputs from the SIB864 are connected to an oscilloscope that is set to trigger
on the falling edge of the preamp signal. The operating conditions for the SiPM array and SIB864 discriminator are as stated
previously. The first figure below shows the SIB864 preamp (green trace) and trigger (pink trace) outputs for a single decay
event from the LYSO crystal. Multiple overlapping decay events are shown in the second figure.

Preamp and Discriminator Timing
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PhotoniQ Graphical User Interface Display
Data is displayed and logged to a file using the PhotoniQ graphical user interface. The figures below show two screenshots
of the GUI at different points in time. The display area consists of an 8 x 8 grid matching the SiPM array with the display
intensity representing the total charge output per channel from a triggered event. The activity from the LYSO crystal is clearly
shown in position D5 where the first screenshot shows an event of greater amplitude than the second one. Since this setup
provides a real-time display of event data, the true capability of this system is better illustrated by video. This video link
(https://youtu.be/sdwoD-Y-WtM) shows approximately ten seconds of data captured and displayed using the described
system. The varying signal intensity can be observed at location D5. Additionally, the event counters in the upper right section
of the GUI provide the real time count of the number of triggered events. Other information is also available in the GUI including
the current trigger rate, event time stamps, and the SIB864 temperature. Event data can also be viewed in the GUI on a linear
display rather than a 2D grid. This is sometimes useful for applications in which the 8 x 8 arrangement of the SiPM is
transformed into other spatial mapping by the use of optical fibers or other techniques. The video link found here
(https://youtu.be/XuSAn-b5M-o) shows the real-time event data from the system being recorded on a linear display.

PhotoniQ GUI Screenshots

Related Documents
SIB864 Product Sheet:
SIB864 User Guide:
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Vertilon Corporation has made every attempt to ensure that the information in this document is accurate and complete. Vertilon assumes no liability for errors or for any
incidental, consequential, indirect, or special damages including, without limitation, loss of use, loss or alteration of data, delays, lost profits or savings, arising from the use of
this document or the product which it accompanies.
Vertilon reserves the right to change this product without prior notice. No responsibility is assumed by Vertilon for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or otherwise under the patent and proprietary information rights of Vertilon Corporation.
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