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are carried out on the Fourier diffractometer FSD in the Laboratory of Neutron Physics of the Joint Institute for Nuclear Research [1]. The FSD is equipped with a multielement detector system of three detectors with time focusing, including a large angle scattering detector (~140º) called the BS (backscattering) detector and two ASTRA detectors with a scattering angle of ±90. The detectors combine electronic with time focusing, which allows an essential increase in the solid angle of registration. The ASTRA detector is based on a ZnS(Ag)/6LiF scintillation screen with wavelength shifting fiber readout [2] and it was developed using the conical surface approximation of the time focusing surface (TFS). The sensitive layers of the detector are situated on 7 independent TFS. Each sensitive layer is formed by four independent scintillation counters. The output signals of the scintillation counters located on one TFS are logically summed before coming to the RTOF analyzer inputs [3,4].

At present two first elements of the detector ASTRA( with the scattering angles     +90( and -90( and a time focusing BS-detector with 16 lithium glass-based scintillation counters are installed on the FSD.

To perform experiments in a wider range and make maximum use of the neutron beam intensity, the complete scheme of the detector comprising 14 sections, each of which includes 4 counters with the corresponding high voltage supply and signal processing electronics must be realized.
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The task is being solved by not simple adding of the elements of the detector of the same type as the first two. In the rest of the elements it is decided to use different PMTs (PMTs produced in Russia to replace expensive imported ones) and develop new high voltage supply and detector signal processing electronics. 
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What is new about the electronics? Firstly, the PMTs used (“ФЭУ-85” of Russian make) have a lower gain (by about a factor of 1000) and therefore, an additional preamplifier has to be developed and introduced into the scheme. Secondly, the new electronics enables programmable remote control of high voltage supply, amplitude and time thresholds of signal discrimination and of the formation and processing logics of the output detector signal. Thirdly, the high voltage supply electronics together with that for receiving, processing and forming of the detector resulting signal is realized as one Control and Front-end Concentrator Module (CFCM) for 8 PMT which is linked to a computer and the data acquisition system          RTOF DAQ. Discrimination with respect to time thresholds and resulting signal logic formation are accomplished using a programmable logic of the type ALTERA CYCLON. Fourthly, all the electronics is made as a set of one-type modules linked to a control computer through one common CAN-interface, in which way the network variant of PC-based control is provided for.

Application of Russian PMT. PMT of the type ФЭУ-85 are used. The amplification coefficient is 106. The working voltage is 600-700 V. A high voltage divider board is mounted on the PMT base. To reduce noise, the preamplifier board is placed close to a PMT on one and the same screen forming an external PMT module. 

High voltage is supplied via connecting cables from the CFCM. The high voltage cable is to supply high voltage and the cable of category 5 is used to feed the preamplifier and send the differential signal. The current to voltage conversion factor of the preamplifier is 5V/mA. The transmission bandwidth is 10 MHz.
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Programmable remote control of high voltage supply, of signal amplitude and time discrimination thresholds and of detector output signal formation and processing is enabled by that in the CFCM there is a microcontroller with a CAN interface, the corresponding firmware and a PC-based control system of the detector. 
Control and Front-end Concentrator Module (CFCM) for 8 PMT. Into the structure of the module, in addition to the two microcontroller boards (ATMEL T89C51CC01CA) with embedded CAN controllers and controllable high-voltage supplies of EMCO make on each board, there is introduced one front-end-electronics board for 8 channels with controllable comparators and programmable signal processing and forming logics together with two high voltage distribution boards for 4 PMT each allowing individual tuning of feeding high voltages. The module CFCM feeds 8 PMTs, controls and performs monitoring of PMT’s high voltage supply. The front end electronics of the module receives differential signals and does double discrimination of signals, with respect to amplitude and duration, individually for each of the 8 PMT channels.The amplitude thresholds are set by analog-digital converters controlled by the microcontroller via the SPI interface. The discrimination thresholds are set with a step of 1 mV individually for each channel in the interval from 10 mV to 3 V. 

The output signals from the comparators come to the input of the microcircuit     FPGA (ALTERA Cyclone EP1C3T100C8) connected to the microcontroller through a local bus, which allows setting of such time discrimination thresholds that make it possible to filter in an optimal way useful detector signals and control the resulting signal forming logics. Individually for each channel it is possible to set a minimum width of the detector signal and the “veto” time for blocking satellite signals determined by the characteristics of the scintillation screen used. It is provided to set the time discrimination threshold in the range from 12.5 nsec to 3.2 µsec. The “veto” time can be set in the interval from 0.8 µsec to 200µsec. The resulting detector system is formed with the help of a programmable mask. 
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In addition to formation of the resulting detector signal coming, via a cable, to the acquisition electronics, the FPGA logics enables storage and readout of the counting characteristics of the detector because the logics design foresees one 32-bit counter for each input channel. Such design offers qualitatively new possibilities of automation of the tuning process of the working modes of PMT detectors. It also enables monitoring of high voltage supply and of the total neutron flux on the detector as well as storing in memory and automatic restoration of the chosen working parameters in a case of malfunctioning or scheduled switch-ons. A standard CAMAC 3M block is used as a CFCM jacket. The power supply 12 VDC (1А). 
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The electronics is made as a structure composed of one-type CFCM modules. The distinctive feature of the structure is that all the modules are connected into one CANbus network and are linked to a control computer through an USB to CAN adapter of IXXAT make. The use of the CAN interface enables high reliability and a data transmission speed of up to 1 Mbit/sec sufficient for performing counters readout and monitoring of the detector state. The application of a standard CANbus interface allows the use of standard libraries and systems like LABview in the development of software for user graphic interfaces and detector control systems. The employment of the CANbus makes possible to use standard blocks with a CANbus interface available in the market to build distributed sample environments and extend them increasing the reliability and reducing the development time and cost of the entire system. 


The development has been performed in the framework of the FLNP JINR program of spectrometers development. In the course of realization of the program a new strategy consisting in the development of scintillation detectors on the basis of intellectual detector modules has been proposed. Within the strategy there has been developed and built a multichannel detector RASTR for the diffractometer D7A (Institute of Physics of Metals in Ekaterinburg, Russia) consisting of ten independent modules each of which houses               10 registration channels, signal processing electronics, PMT high voltage supply as well as control electronics of the module and the electronics that links the module to the computer. Encouraged by the favorable results we are employing the strategy on FSD. At present, the new electronics is being assembled on the FSD spectrometer and its tests and final tuning on the neutron beam will start in October 2005 during scheduled IBR-2 reactor cycles.  

The authors thank Dr. A.M. Balagurov for his interest to and support of the work, A.V. Drozdov for assistance in development of the microcontroller firmware and I.V. Kovalev for doing the assembling and wiring work.
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Fig. 2. The designed view of the multielement detector ASTRA





Fig. 1. The layout of the proposed FSD detector system





Fig.7. The new modules of the detector system ASTRA ready to be installed





Fig. 8. Interface to FSD Slow Control





Fig. 5. Control and Front-end Concentrator Module (CFCM)








Fig. 4.ФЭУ-85 PMT Module
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Fig. 3. The present-day detector system on the FSD diffractometer. The first three installed elements of the detector (BS and two first elements of the detector ASTRA( ) are shown











Fig. 9. One 10-channel module of the one-dimensional position-sensitive detector RASTR





Fig. 6. FSD control and Front-end concentrator module
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