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Introduction 

In radiotherapy field, the major usage of dosimeters is in the measurement of the dose 
received by the patient during radiotherapy (in-vivo measurements) and in beam calibration 
and uniformity checks. Diamond exhibits several interesting characteristics that make it a 
good candidate for radiation detection [1]. It is indeed soft-tissue equivalent (Z=6 compared 
to Z=7.42 for human tissue), mechanically robust and relatively insensitive to radiation 
damage, chemically stable and non toxic. Moreover, the recent availability of synthetic 
samples, grown under controlled conditions using the chemical vapour deposition (CVD) 
technique, allowed decreasing the high cost and the long delivery time of diamond devices. 
Diamond can be use for off-line dosimetry as thermoluminescent dosimeters or for on-line 
dosimetry as ionisation chamber [2,3]. These both applications are reported here.  

For this study, samples were grown in the laboratory and devices were then tested 
under X-ray irradiations and in clinical environment under medical cobalt source.  

The work described in this paper was performed in the framework of the European 
Integrated Project MAESTRO, Methods and Advanced Equipment for Simulation and 
Treatment in Radio-Oncology, (6th FP) which is granted by the European Commission. 
 
 
The MAESTRO Project 

In the sixth framework programme the European commission is supporting the 
MAESTRO IP project (Methods and Advanced Equipment for Simulation and Treatment in 
Radiation Oncology). The framework is build between part of the major groups involved in 
radiation therapy as well as high energy physics in Europe: research institutes (CEA, INFN, 
IGR, CNRS/IN2P3), universities (DELFT, COVENTRY, FIRENZE), manufacturers and 
technology providers (IBA, SCANDITRONIX, DOSISOFT, NRG, ELDIM) and Oncology 
centres: Institut Curie, REM Radioterapia, CCO, UDE, COOK and National Institutes (NPL, 
ISS-Italy). 

The aim of MAESTRO is to develop and validate in clinical conditions the advanced 
equipment needs using new techniques. The development of a clinical protocol is very 
important to evaluate the emerging results and to ensure that the new technologies will be 
clinically relevant and industrially viable. 

The use of radiation detectors for both in-vivo measurements and beam calibration is 
treated in the third work package intituled “Sensors for dose evaluation in radiotherapy”. 
 
 
Requirements for thermoluminescent dosimeters and ionisation chambers materials 

For the fabrication of dosimeters for medical uses and more particularly in dosimetric 
radiotherapy field, several characteristics are required. The ideal dosimeter should exhibit a 
linear relationship between thermoluminescent intensity and absorbed dose over the dose 
ranges used in radiotherapy. Dosimeters should be able to detect very low doses and this 
minimum detectable dose depends not just upon the intrinsic sensitivity of the material but 



also upon the size of the detector, the sensitivity of the readout equipment, and with the 
previous radiation exposure. Moreover, response of detector should be independent of the 
dose rate. One other important consideration is the detector signal stability with time. For TL 
dosimeters, it becomes necessary to assess if the trapped charge within the material can be 
lost (before readout) by heat (thermal fading) or light (optical fading). For ionisation 
chambers, signal under irradiation should be stable with time. At last, particular 
characteristics for clinical dose assessment are tissue equivalence, non toxicity and that 
dosimeters can be sterile for in-vivo measurements. 
 
 
Thermoluminescent (TL) dosimeters 

Undopped CVD diamond exhibits a thermoluminescent signature with two main peaks 
located around 100 °C (“low temperature peak”) and 250 °C (“high temperature peak”), 
respectively. For dosimetry measurements, the dose absorbed is proportional to the integral 
area of the high temperature peak. The main drawbacks of the use of intrinsic CVD diamond 
as TL dosimeter are its poor linearity range of the TL signal with the dose absorbed and a 
strong optical fading. For this last point, dosimeters can be used encapsulated in black opaque 
envelopes. In order to increase the linear relationship between the TL intensity and absorbed 
dose, new researches try to incorporate impurities in material during growth and so to modify 
the TL signature of dosimeters.  

Nitrogen has been incorporated in diamond during CVD growth and the TL signature 
was studied in terms of reproducibility, signal linearity with dose, thermal and optical fading.  

The TL signatures for samples with various nitrogen incorporation present very 
different shapes. The low temperature TL peak intensity decreases with the concentration of 
nitrogen incorporated (Figure 1) that can be interesting to improve the readout procedure 
facility: no preheating stage is required to separate the two main TL peaks. Too high nitrogen 
concentrations in material induce a strong attenuation of the TL signal. But on the other hand, 
signal linearity with the absorbed dose is better for samples with higher nitrogen 
concentrations (Figure 2). It appears that to optimise both sensitivity and signal linearity with 
the dose, a precise nitrogen concentration should be incorporated in the material. 
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Fig 1: Influence of the nitrogen incorporation on the 
TL glow curve shape 
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Fig 2: Increasing of TL signal linearity range with 
the dose for nitrogen doped diamond 

 
First results with nitrogen incorporation in the material are very interesting and other 

impurities can be added during growth like boron, phosphorus or nickel. 
 
 



Ionisation chambers 
Natural diamond ionisation chambers have been already commercialised and equip 

several hospitals [4]. But these detectors imply a severe gem selection and therefore are only 
available at high costs and long delivery times. The recent progress in synthetic CVD 
diamond growth offer new possibilities.  

 
In contrast to the use for TL dosimeters, pure and defect free CVD material is required for 
ionisation chamber applications in order to minimize the loss of charge created by the incident 
radiation. Several previous studies [5,6,7] have reported that CVD diamond devices show 
very unpredictable response from sample to sample .For most of them, a pre-irradiation 
(commonly named pumping effect) is required to reach the signal equilibrium and for the 
following irradiations, time is required each time to obtain signal stabilisation again (Figures 
3a and 3b). Concerning the pumping phenomena, it is to be kept in mind that commercial 
devices based on natural diamond also require such a daily pre-irradiation (8 Gy typ.). These 
behaviours are very detrimental for radiotherapy applications because they lead to a non linear 
response of the device and moreover to the fact that the devices may not be able to detect fast 
intensity variations in the photon fluency modulation. 

 
Fig 3: Intrinsic CVD diamond response under medical Cobalt irradiator. a) Pumping study, b) reproducibility 

 
Nitrogen incorporations in films during growth are well known to lead to high speed 

detectors [8] that’s why devices with nitrogen containing CVD diamond films, grown in the 
laboratory, were assembled and several measurements performed under medical cobalt 
irradiator: analysis of the detector time response to the first irradiation (pumping study), 
reproducibility of the measurements and investigation of the diamond response dependence 
with the dose and the dose rate. 

For samples with deliberate nitrogen incorporation during growth, no priming effect is 
observed and for following irradiations signal stabilisation is obtained immediately (Figure 4). 
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Fig 4: Response of films with deliberate nitrogen incorporation under medical Cobalt irradiator 
 
Moreover, for these films, a very good linearity of the signal with the dose and dose 

rate are obtained (Figures 5a and 5b). On the other the hand the sensitivity is strongly 
reduced, but remains in measurable range with high signal to noise ratios, for the dose levels 
currently used for radiotherapy treatments.  

 
Fig 5: Response dependence of samples with nitrogen incorporation a) with the dose, b) with the dose rate 

 
 However, it is to be noticed that too high nitrogen concentrations in the films may on 
the other hand lead to a decrease of the device sensitivity so that a compromise has to be 
found in order to obtain a sensitive detector with fast stabilisation of the signal. 
 
 
Conclusion 

The first results of this study clearly show that CVD diamond detectors are suitable for 
dosimetry in radiotherapy applications. Moreover, for both TL dosimeters and ionisation 
chambers applications, and even though the sensitivity is subsequently reduced, nitrogen 
incorporation in films seems to significantly improve the dosimetric characteristics of the 
devices. 

Therefore, the optimisation of the material quality appears as a very important issue in 
order to increase the dosimetric characteristics of devices and more particularly, for use as 
thermoluminescent dosimeters, other impurities (Nickel, Phosphorus) will be tested. For 
ionisation chamber applications, experiments with monocristalline CVD diamond are in 
progress.  
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