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Abstract—The machines used in High Energy Physics (HEP) experents, such as accelerators or tokamaks, are soesof
gamma and neutron radiation fields. The radiation h& a negative influence on electronics and can ledd the incorrect
functioning of complex control and diagnostic systa designed for HEP machines. Therefore, in most casehe electronic
equipments is installed in radiation-safe areas, uin some cases this rule is omitted to decreasest® of the project. The
European X-ray Free Electron Laser (E-XFEL), being underconstruction at DESY research center, is a good exgle. The E-
XFEL uses single tunnel and part of the electronic sgem will be installed next to main beam pipe andx@osed to radiation.
The modern Advanced/Micro Telecommunications Computig Architecture (ATCA/UTCA) standards are foreseen asa base
for control and diagnostic system for this new progct. These flexible standards provide high reliabity, availability and
usability for the system which can be decreased hyegative influence of parasitic radiation field. Theadditional shielding will
be introduced to protect racks with electronics, buduring commissioning and, in case of control sysms errors, the assumed
radiation levels can be exceeded. Therefore, it isghly recommended to monitor doses absorbed by ekegnics. Moreover, it
could be helpful for estimating system lifetime, dveduling maintenance periods and protecting machinérom unexpended
failures. The paper describes a Radiation MonitoringModule (RMM) based on FPGA mezzanine card standaraapable of
monitoring gamma radiation and neutron fluence in eal-time.

Index Terms—Micro Telecommunications Computing Architecture, FPGA Mezzanine Card, RF Control System, gamma
radiation dosimetry, neutron radiation dosimetry, linear accelerator, X-ray Free Electron Laser

|.INTRODUCTION

The High Energy Physics experiments use sophisticatachines like linear and circular colliderseéin accelerator
or tokamaks. The electronic systems needed toadhiem must fulfil very strict requirements conui@g computation
power, flexibility, reliability and availability. fierefore, old system architectures such as VMElarely substituted by
modern ones. The Advanced Telecommunications Campurchitecture (ATCA) and Micro Telecommunicatfon
Computing Architecture (MTCA) - XTCA family - gaipopularity in many leading research centres. Thatf¥hes
Elektronen-Synchrotron (DESY), Joint European TqAET), CERN or SLAC consider one of the xTCA stad as a
base architecture for their control systems [1].

The HEP machines are sources of gamma and nepém@sitic fields. In most cases control electraridighly
isolated from them to avoid destructive influengeplacing it in radiation-safe areas. The Europgamay Free Electron
Laser (E-XFEL) is a good example of the exceptinrorder to decrease the cost of the project,lituge a single tunnel
and most of the control system electronics wilpteced in the same tunnel as the main beam pipgreldre, the control
system will be exposed to gamma and neutron figktserated by the machine [2]. The parasitic ramhapiroduced
during accelerator operation could have a negatifieence on electronics reliability and therefonachine availability.
The negative influence of radiation on electrorfies been proven by many research [3][4]. The @pitrequipment
will be installed in shielded racks. The FLASH decator was used to measure doses of radiationt@uigsign the
radiation shielding for electronics [5].

A radiation monitoring system capable of measudnges absorbed by electronics inside the rack dosildelpful
during accelerator studies and commissioning.rtalao help to schedule the maintenance period®ne effective way
which could decrease costs of accelerator operation

[I. E-XFEL AS AN EXAMPLE FOR REQUIREMENTS FORRADIATION MONITORING SYSTEM

The E-XFEL accelerator will consist of 116 accefieigq modules and other special components suchuashb
compressors or arrays of magnets. Each single &©estwill be driving four accelerating modules.[Zhe electronics
required for the Low Level RF (LLRF) system respblesfor controlling the parameters of the accelarpfield and for
other diagnostic systems will be placed in the Idbig racks distributed along the tunnel. Therefaealistributed
architecture of radiation monitoring system is meatended. The on-line accessibility of measurematd & required,
because it is impossible to enter the linac tumiueing normal operation of the machine. The meabkdeta should be
collected in an external database for further aislyThe dosimeters for the system should fulfié requirements



presented in Table | [4]. The developed radiatimmnitoring system will have a distributed architeetand need to be
integrated with control system of the E-XFEL whigfil be based on one of the XTCA architecture. KRE€A family
has been designed for telecommunication industry.

TABLE |. REQUIREMENTS FOR GAMMA RADIATION AND NEUTRON
FLUENCE DOSIMETERS

Detection ability Gamma and neutron fluence
Fluence range £6 10° neutrons-crh
The lowest fluence f0- 10 neutrons-crh
Dose range 10- 15 Gy
The lowest dose 10- 10° Gy
Energy range up to 20 MeV

Therefore, nowadays an additional effort is madfit toT CA into specific requirements of HEP expeents. As a result
of this work the PICMG ‘XTCA for Physics’ standaedtension has been introduced. To provide biggedlllity and
reusability of the electronics an additional staddaas developed. The FGPA Mezzanine Card (FMCtifipation
(ANSI/VITA 57.1-2008) has been proposed. The steshdizfines form factor of PCB and pinout of the Fid@nector
[6]. As a main idea the FMC modules carry the uaiglectronic components which provide front-endcfiomality in
the system, but not computation power and commtinicénterfaces which are supplied by a Carrier flo@B). The
CB could have different form factors such as stiona boards or Advanced Mezzanine Card (AMC) wifiththe
FMC standard into XTCA. The FMC carrier moduleligady a part of the LLRF control system. Thereftine solution
where the radiation dosimeters and readout sulitsrevill be designed as a FMC module has beenerhds can be
easily integrated with control system electronied eeadout infrastructure.

I1l. RADIATION MONITORING FMC MODULE

A. Dosimetersfor FMC Radiation Monitoring Module

Various dosimetry methods allows to detect and oreasadiation doses. They are based on a wide rspeaif
electrical, thermal, luminescent and chemical ¢fféiggered by radiation in different kind of magés. They include
gaseous detectors, scintillators, bubble dosimetedsthermoluminescent dosimeters (TLD) [4]. Daiescthosen for the
designed module should provide a good selectidigmamic ranges and cover dose ranges specifiedbn I. Moreover,
selected dosimeters need to have small dimensiodsdrease occupied space volume and their reattoutt should
not utilize high voltages, which are not availalllehe xTCA standards. The semiconductor-basechtisrs seems to
be natural candidates which fulfill two latter régments. Therefore, the Radiation sensitive Feffict Transistor
(RadFET) was chosen as gamma radiation dosimeter.

The principle of operation of the RadFET dosimételbased on the electron-hole generation processept in the
transistor oxide layer exposed to gamma radiatimgh & minority, by neutrons through secondary @felt leads to
charge build-up which influences the electric pagters of the device such as threshold voltage TBE shift of
threshold voltage is a function of absorbed do$e process occurs faster in P-type devices, thd&[REs are P-type
transistors. The sensitivity of the device to rédiashows dependence on the oxide layer thickaedscan be adjusted
due to application requirements. The RadFET opgristdwo modes — irradiation and reader. In thenfar one the
source and drain of the transistor are shorted.vbltage on the gate is called the bias voltagg.d\and has significant
influence on the device sensitivity. This featullewaes to adjust the sensitivity and dose rangeshanafly. For threshold
voltage readout the transistor needs to be switthi¢kde reader mode. The typical readout circuiressented in Figure
1. In this mode the transistor source is connettiea constant current source and the constantrduitocevs through the
device. The measured voltage shift allows calaupthe absorbed gamma radiation dose.
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Figure 1. RadFET dosimeter readout circuit

The main advantages of RadFET are small size ofiéttector, simple readout circuit and low unit cdste biggest
disadvantage is temperature dependence which canitigated by setting current to Minimum-Temperat@oefficient
(MTC) value. Several RadFETs available on the mntargeoduced by different companies, have been aedlyto
determine the gamma detector most suitable foFME& module. The example of RadFETs has been prexémfigure
2. The RFT-300-CC10G1 produced by REM Oxford Ltds lbeen finally selected. The device has 0.3 pmieoxihe
sensitivity parameters for the REM RadFETs family presented in Table 11 [7].

TABLE ll. RESPOSIVITY FOR DIFFERENT EXPOSURE MODES IN FUNCTION ORIDE THICKNESS
Sensitivity [mV/cGy]
UMl V29V | Vo= 18V | Vbms=0V
0.2 0.65 0.85 0.12
0.25 0.95 1.20 0.16
0.3 1.25 1.75 0.20

Figure 2. RadFET dosimeters from REM Ltd. (two from left) anoim Tyndall National Institule (two from right)

The gamma detector can be also used to detectonsutout special converters are essential forghosess which
makes the sensor much more complex [8]. This issnoiable for measuring neutrons in the fields vgittong gamma
background. To avoid this the neutron fluence mesmant method will be based on counting the nurobgenerated
SEU events in specially selected SRAM memories. drkgious researches proved that neutrons caretripg SEUS in
the digital memories. Moreover, the number of gatest errors can be recalculated to the value ehfia intensity [9].
The SEU can be easily detected by consecutive meseanning when the reference pattern stored inrtbmory is
known. The sensitivity of the SRAM depends on mpasameters such as manufactured technology, sipplysvoltage
and vendor. Several memories have been testedaorire the most suitable chip. The research provatdthe newer
memories are more immune to radiation than theraddes. Moreover, sensitivity can be increased dgrehsing the
supply voltage below the value specified in theadhtet [4]. Advantages of SRAM memories includeessibility,
digital interface and low cost of the unit. Unfaraely, each chip should be calibrated with a eafee neutron source
which is the main disadvantage of chosen methodnEeds of the project the 512 kB Samsung K6T40836RAM
has been chosen.

The selected dosimeters can be easily integratéd digital readout subsystems, represent low uost @and high
selectivity, which is an important factor in radgst mixed environment characteristic for linearelecators.

B. Radiation Monitoring Module hardware

The designed FMC Radiation Monitoring Module hasirgle width form factor with Low Pin Count (LPC)
connector. The chosen factor limits available aneghe PCB, but makes the module more compact amgatible with
all solutions which support the FMC standard.



USB/SERIAL
=] =

FMC LPC CONNECTOR

Voltage Level Translators

1

Figure 3. FMC Radiation Monitoring Module block diagram (C8urrent source, OP - operational amplifier, Therigital temperature sensor)

The module is divided into two sections — analod digital. The first one holds two RadFETs useda®nma radiation
dosimeters. Each detector has a separate readouit.dindividual adjustable current sources feadheof the transistors
with a constant current of 490 pA. It is the MTQuefor the selected type of RadFETs [7]. The airsources are
supplied from +11.5 V power supply which sets tippar threshold voltage (Y level which can be achieved on the
irradiated RadFETs. The maximumng, Value together with sensitivity value determine thaximum doses which can be
detected by the designed detector. Both of thectleehas a adjustable bias voltagg4Vused in irradiation mode. The
+10 V or 0 V can be chosen and for one of the Fissvalue can be changed on-the-fly. It providgsoasibility to
configure the detector with different sensitivigwéls. Utilization of different V,s values allow to receive coarse and fine
type of measurement. The device with positive hidisprovide more precise data due to larger gerisi, but lifetime

of the detector will be shorter than with,;)¥= 0 V. The voltage signal from RadFET in reader engsee Fig. 1) is
passed, through an operation amplifier configured &oltage follower, into an analog to digital eerter (ADC) which
close the analogue path of the signal. Selected ABS a 16-bit resolution and provides data from imdependent
channels by digital serial interface in TTL startar
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Figure 4. FMC Radiation Monitoring Module PCB layout

The digital section, besides the mentioned temperasensor, includes eight Samsung SRAM K6T4008C1B
memories, with a total capacity of 4 MB. The memizrysed as neutron fluence detector. The normedatien supply
voltage is decreased from +5 V to increase seitgitof detector. The values from +1.8 V to +3.3 ®ncbe applied



depending on the used batch of memory. Additiontdgrated circuits mounted on the FMC are serigdDMRmemory
required by FMC standard and simple USART-USB caiedeto provide a flexible communication channetwsen
control logic and the external world. The electosnon the FMC use TTL logic standard for ADC andrtiometer
chips and voltages from 1.8 V to 3.3 V (dependsonfiguration) for SRAM digital interface. The saft buffers has
been introduced to provide voltage level conversietween FMC logic standards and logic standard osethe carrier
board. After conversion all signals are passedctliréo the FMC connector.

The designed FMC module, which PCB layout is priessbim Figure 4. , does not provide any computagiower or
supply voltages, therefore it needs to be connetiiedn additional board called carrier board. ThCFstandard
assumes that the computation power, communicatitemfaces and supply power will be provided by FPiga&ed CB.
Nevertheless, each board equipped with an FMC atonand compliant with FMC specification as farths signal
layout on the FMC connector is concerned, can leel @s a carrier. The versatile AMC carrier DAMCgsidned at
DESY, will be used as the carrier board for thecdbsd FMC Radiation Monitoring Module. The DAMCZ general
purpose carrier proposed for different applicationthe E-XFEL Machine Protection Systems [10]. FAMC module is
also compliant with some Xilinx evaluation kits kuas SP605 or ML605 which provides a suitable dgmknt
platform for the firmware and software needed far Radiation Monitoring System.

C. FMC Radiation Monitoring Module firmware structure

The designed module was in fabrication stage dugneparation of this paper. Nevertheless, the viiane
architecture for FPGA-based CB was designed. Thekbtliagram of VHDL modules implemented in the FPGA
presented in Figure 5. The SPI_ADC_DRIVER and THERIRI_DRIVER are dedicated blocks which performla ro
of driver for the ADC and thermometer used in thejgct. The driver for each chip will provide a pislity to write
configuration register in each device and read omeasent data. The third driver needed is SRAM_DRRMihich will
be able to write to and read data from K6T4008CIAMRmemory. The ADC_CTRL and THERM_CTRL, which
together can be considered as the RadFET contralieresponsible for providing higher level logic.
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Figure 5. Block diagram of VHDL modules for Radiation Monitog FMC
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They control, initialize and gather data from AD&ws thermometers. The data from ADCs needs to theeigal every
several minutes. The TIMING_CTRL module is designed measure the time periods between consecutive
measurements and generate trigger signals forodbDL modules. The RadFET controller will change tmode of
the transistors from irradiation to reader mode aedform the voltage and temperature readouts.nédtads, the
gathered raw data should be transferred to theefrgemerator module (FRAME_GEN), where communicatiames
are created according to the custom communicatimogol. Each frame will carry information about dute ID
number, type of frame, raw data and calculated lchen. Then, the frames will be transferred to tbmmunication
module (COMM_MODULE) responsible for building frammén communication standard used in the systenPdée
bus. The SRAM_CTRL block will constantly scan cocteel SRAM memories in order to find SEUs generdigd
neutrons. The number of detected SEUs can be attess a register. The modular construction of ¢hde allows
making fast changes in the project such as char@imgmunication interface.

IV. CONCLUSIONS ANDPLANS

Presented FMC Radiation Monitoring Module provitiee types of dosimeters suited for gamma and nauisedd
measurement in an XTCA-based system which can jpesex to these kinds of radiation. It may concemtrol systems
in High Energy Physics facilities such as lineacederators, colliders, tokamaks, where control tebeics can be
exposed to radiation. The prepared module can bty éategrated with system based on xTCA and FMahdards. It
can be also used in an independent system withldeistandalone carrier board. It makes it higlgyible and reusable
which decreases costs and is the main advantatiee gfroposed solution. Also, low cost of singletusimple digital
interface, good selectivity and ranges of propodesimeters speak in favor of this design. The nmdehuires a
calibration routine and has limited lifetime whican be consider as the main drawbacks.



In the near future the module should be assemidsted and ready for calibration. The test willgeeformed at
DESY research center.
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