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Abstract. At future High-Luminosity LHC (HL LHC) at CERN the particle
detectors of CMS, ATLAS, LHCb and Alice experiments will be exposed to se-
vere background radiation conditions. A new gamma irradiation facility, called
GIF++, was recently installed at CERN for investigation of the aging of all
these detectors, when operating in such an environment. This paper presents
a reference measurement system for control of the absorbed dose during the
gamma irradiation of sub-detectors at GIF++ and their test results. It uses
two types of RadFET detectors for absorbed dose measuring – LAAS 1600 for
doses up to 10 Gy and REM 250 for larger doses – up to 10 kGy. The system
employs a modular design, with each module being capable of reading out four
sensors. The data can be downloaded using the available interfaces as RS-485
provided for a monitoring PC and CANBUS – for integration with the CERN
control system. The further development of the system foresees its expanding
by a set of dose-rate measuring units to control the distribution of the radiation
field intensity around the radioactive source.

PACS codes: 29.40.-n, 87.53.Bn

1 Introduction

At the High-Luminosity LHC (HL LHC) at CERN the particle detectors of CMS,
ATLAS, LHCb and Alice experiments will be exposed to severe background
radiation conditions [1]. In 2014, a new gamma irradiation facility GIF++ was
constructed at CERN (Figure 1). The facility will be a fundamental tool for the
preparation of detectors to be installed at the HL LHC. GIF++ makes use of a
14 TBq 137Cs gamma-irradiator source (Eγ = 662 keV) and a 100 GeV/c muon
beam and will be ready for operation in May 2015.

Calculating the gamma radiation field in such a complex environment is not a
trivial task. Moreover, the doses absorbed by the devices under test depend on
a number of factors, like scattering or overshadowing by nearby objects, which
sometimes are hard to account for. Those are the key factors imposed the devel-
opment of an online gamma radiation monitoring system.
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Figure 1. GIF++ Equipment.

Its first part have to control the total absorbed dose of each irradiated at GIF++
object and will be described in details in this paper. The second part, which is
now under development, have to measure the dose rate at arbitrary points around
the 137Cs radioactive source in order to control the homogeneity of its radiation
field.

2 Sensors

There are a number of requirements for the radiation sensors used in the system:
they should have minimal impact on the radiation field; the readout should be
done with few wires, in order to reduce the cabling clutter in the facility; it
should be easy to join them to the device under test and to do so reliably; the
sensors must be capable of measuring wide range of doses.

Semiconductor sensors were chosen considering the strengths and weaknesses
of the available solutions. RadFETs [2] measure the ionizing energy deposi-
tion (the creation of electron-hole pairs in the material) by the build-up of posi-
tive charge in the gate oxide layer. The positive trapped charge can be retained
for long periods at room temperature, leading to a shift of the transistor’s gate
threshold voltage Vth. It is measured as the voltage drop on the RadFET, when
a constant drain-source current (Ids = ibias, see Figure 2) passes through the
device.

The relation between the gate threshold voltage shift ∆Vth and the radiation dose
D is strongly dependent on the electric field in the oxide during irradiation and
on the RadFET process parameters, especially the thickness of the gate oxide. It
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Fig. 2. Circuit of RadFET’s Vth read-out.  
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Figure 2. Circuit of RadFET’s Vth read-out.

is nonlinear and best approximated with ∆Vth = a×Db [2]. The coefficients a
and b have to be determined during a calibration run under the same conditions
as the measurement runs.

For the GIF++ system two different type RadFETs were chosen to cover the
expected dose range: first of them is manufactured at “Laboratoire d’Analyse
et Architecture des Systèmes”, France with 1600 nm gate oxide thickness
(LAAS 1600) and its sensitivity is in the range of 10−3 Gy – 10 Gy [3]; the
second one is produced by REM OXFORD Ltd. It is with 250 nm oxide thick-
ness (REM 250) and has good sensitivity in the range from 0.1 Gy to 10 kGy
[3]. Both RadFETs are installed in a ceramic package, which is mounted on a
miniature PCB (Printed Circuit Board), developed and produced at CERN for
the LHC experiments (Figure 3). The board can accommodate up to 4 RadFETs
(mounted in the ceramic package) and 5 p− i−n diodes (for particle dose mea-
surements) [4]. A thermistor is also installed on the PCB because the threshold
voltage Vth is dependent on the temperature. The thermistor operates under the
same conditions as the RadFETs and the measured temperature can be used for
data correction to increase the accuracy.

One such PCB is installed in a plastic box (Figure 4) and constitutes one in-
dividual gamma-radiation monitor (RADMON). During the detector tests, one
RADMON (connected to a readout cable, Figure 5) will be adjoined to each
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Whole system contains 8 RADMONs organized in two groups of 4. The RAD-
MON’s readout cables of each group are connected to one passive splitter (Fig-
ure 6), fixed on the GIF++ shielding wall (Figure 7), through which passes the
communication with the RADMON Control and Readout System. Each group
is distributed in one of the GIF++ irradiation areas, thus allowing up to four
detectors to be tested there simultaneously.
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Figure 7. RADMON distribution in the radiation areas.

3 RADMON Control and Readout System

The Control and Readout System is organized on a single PCB (Figure 8).
It is built according to the block diagram in Figure 9. The Main Controller
unit is managed by a microcontroller – PIC 24HJ64 GP504 and contains three
RADMON nodes. Up to four RADMONs can be connected to one node
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The two different types of RadFETs require individual readout currents. Their
values are selected to provide a minimum temperature dependence of the thresh-
old voltage. They are generated by the PIC and fed to a DAC, whose output
voltage (I-setting, Figure 9) controls the RadFETs individual voltage-to-current
converters (V/I), as is shown in Figure 10. At high doses, the Vth value can
reach relatively high voltages (more than 30 V). For this reason, an onboard
DC-DC convertor provides 36 V for the normal operation of the V/I converters
(Figure 10).
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allow measurement. The reading of the thermistor value follows the same procedure but no 

grounding of its electrodes is necessary. The read voltages are scaled down and fed to the 
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Figure 10. Block diagram of one RADMON node.

The current is fed to the RadFETs only for a short period of time to read the ac-
cumulated dose value. During the rest of the time all pins are grounded and the
bias current is zero. A decoder selects which V/I convertor should be active and
opens the corresponding grounding switch to allow measurement. The reading
of the thermistor value follows the same procedure but no grounding of its elec-
trodes is necessary. The read voltages are scaled down and fed to the RADMON
node multiplexer. It selects which of the outputs will be fed to the PIC ADC
multiplexer (MUX, Figure 9).

The maximum rate at which the channels can be scanned is limited by RadFET’s
timing requirements and is 7 s for a single RADMON and 30 s for all 3 nodes.

The main controller has to be connected to an external DAQ system over a CAN-
BUS or an RS485 interface and can be powered over any of the interface lines
or by installing the PCB in a 6U Euro-standard crate. It can operate in single or
multiple measurement modes. The main controller can store only limited data
so the monitoring DAQ system has to read it periodically to prevent losses. The
maximum time of the controller autonomous operation is inversely proportional
to the number of connected RADMONs and the sampling rate.
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The system uses a master-slave message based protocol. The DAQ is the master
device. It can address one of several connected main controllers of this type.
The address of each controller is the same both on CANBUS and on RS485
interfaces and is set by onboard micro-switches (Figure 8).

The command set consists of messages for selecting a slave device, setting and
reading operational parameters like system time and sampling rate, start and stop
of the measurement and request for data. In case a controller remains constantly
selected, it can be set to report automatically the data: either after every sample
(when the measurement is complete) or when its data buffer is full.

Usually the data in the messages are in hexadecimal format. To ease the devel-
opment of the DAQ and for debugging purposes the controller can enter ASCII
mode in which the hexadecimal message is translated to human-readable ASCII
text symbols.

4 Test Results

The radiation monitoring system has been tested at the old Gamma Irradiation
Facility of CERN (GIF). Two test sessions have been carried out.

The first was in June 2012. A proof-of-concept controller board, with the ca-
pability of connecting only one RADMON was installed in the GIF control
room. Two RADMONs have been investigated consecutively at a dose rate
of 195 mSv/h. The results confirmed the adequate operation of the RADFETs
width the controller unit. The only problem was the low voltage resolution in
the Vth measuring, due to the insufficient resolution of the used ADC (10 bits).
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sensitivity. The REM devices show practically identical characteristics. 
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For this reason, the PIC in the main controller is chosen to have a 12-bits ADC,
providing an 8 mV voltage resolution (32 V full scale).

An unexpected behavior was observed at the beginning of the characteristic of
the LAAS 1600 devices (Figure 11). It had a negative spike. It was determined
that the spike was related to the prolonged storage of the bare die. The problem
was solved by thermally treating the die before packaging.

The second test session was realized in June 2013. A prototype of the described
main controller is used in the GIF control room. Two RADMONs were installed
at GIF (one below the other) and connected to the main controller trough a split-
ter. They were irradiated at a dose rate of 365 mSv/h.

The characteristics obtained during both sessions are similar. The results of the
second session are shown in Figure 12. Both LAAS 1600 RadFETs have about
20% difference in their sensitivity. The REM devices show practically identical
characteristics.
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5 Conclusions

A radiation dose monitoring system has been developed, built and successfully
tested. Now it is fully installed at CERN GIF++ equipment and is ready to real
measurements.

The REM 250 RadFETs showed remarkably well matched characteristics in all
test runs. However, the tested range of 35 Gy is just the initial region of their
measuring range. They will be tested in their full scale very soon at GIV++.

The LAAS 1600 devices have shown some divergence in their characteris-
tics. The solution of the problem is careful calibration of the every series of
LAAS 1600 supplied by the manufacturer. They can be used for measurement
of low doses (up to 10 Gy) – a region which is not well covered by the REM
devices because of their low sensitivity.

A further development of the system foresees its expanding by a set of dose-rate
measuring units to control the distribution of the radiation field intensity around
the radioactive source.

Acknowledgements

The “Radiation Sensors for Gif++” project is part of the “Advanced European
Infrastructures for Detectors at Accelerators” (AIDA) project, co-funded by the
European Commission under FP7 Research Infrastructures, grant agreement no
262025 and by Bulgarian Scientific Fund, Ministry of Education, Youth and
Science – grant DNS7RP01/7.

References

[1] G. Apolinari, O. Brining, L. Rossi (2014) High Luminosity LHC Project Descrip-
tion, CERN-ACC-2014-0321, 21 p.

[2] F. Ravotti (2006) Development and Characterization of Radiation Monitoring Sen-
sors for the High Energy Physics Experiments of the CERN LHC Accelerator. PhD
Thesis, Montpelier University.

[3] F. Ravotti, M. Glaser, M. Moll (2005) CERN Sensor Catalogue, TS-Note-2005-002,
https://edms.cern.ch/document/590497/1.

[4] F. Ravotti, M. Glaser, A.B. Rosenfeld et al. (2006) Radiation Monitoring in Mixed
Environments at CERN: from the IRRAD6 Facility to the LHC Experiments,
CERN-TS-Note-2006-003.

171


