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Abstract

CVD diamond detectors have been evaluated for use as X-ray dosimeters. The response both at radiological diagnostic
and at therapeutic energies of one `detector gradea commercially available parallelepiped CVD sample has been
measured and compared with the performances of a `needle shapeda CVD diamond detector grown by the hot-"lament
CVD technique on a tungsten tip. All the detectors were demonstrated to be very suitable for bio-medical application:
they are linear in dose rate, stable and relatively fast, with a signal-to-noise ratio higher than 1000. ( 2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Diamond is an ideal material as radiation
detector for bio-medical applications [1]. The at-
tractiveness of diamond essentially stems from its
radiation hardness, chemical stability against all
the body #uids and its absolute nontoxicity. More-
over, diamond is to be considered as a `tissue-
equivalenta material since its atomic number
(Z"6) is close to the e!ective atomic number of
soft tissue (Z

%&&
"5.92 for fat and Z

%&&
"7.4 for

muscle) [2]. This fact is particularly important to

measure the absorbed dose in biological tissue
where the energy deposited by low-energy gamma
or X-rays ((150keV) is highly dependent on the
atomic number of the material. For this reason the
unit of absorbed dose for ionising radiation, the
gray (Gy"J/kg), or for dose equivalent, the sievert,
is approximately the same for tissue and for dia-
mond.

Improved diamond synthesising techniques have
generated new optimism on the possibility of ap-
plying diamond in radiation detection, overcoming
the di$culties (high cost and poor reproducibility)
which limit the widespread application of natural
diamond in this "eld. In particular, the Chemical
Vapour Deposition (CVD) technique has proven to
be able to produce low-cost `detector-gradea dia-
mond "lms suitable for application in radiation
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Fig. 1. Scheme of the experimental set-up for the two diamond samples used as X-ray dosimeters.

Table 1
Physical parameters of the CVD diamond detectors

Sample A Tip

Shape Parallelepiped Pin-point
Deposition technique Arc-Jet Plasma CVD Hot-"lament CVD
Thickness 0.04 cm +10}15lm
Electrode surface 0.62 cm2 Diameter of W substrate"200lm
Electrical resistance at 100V operating bias 1T) 100T)

dosimetry [3]. Besides obvious advantages of this
technique (low cost, high-impurity control, good
reproducibility), it should be emphasised that it is
able to synthesise both large-area detectors, as re-
quired for medical imaging, and miniaturised
detectors. The latter feature is particularly appreci-
ated in radiation oncology units where detectors
with excellent spatial resolution and high sensitiv-
ity are required for radiotherapic treatments
(brachytherapy or stereoactic radiosurgery).

In this paper, we present a study of the perfor-
mances of two di!erent CVD diamond samples
used as radiation dosimeters. The "rst of them
(sample A) is commercially available. The second
sample is a needle-shaped detector grown by hot-
"lament CVD technique on tungsten tip [3,4].
A comparison of the current response of the de-

tectors under X-ray irradiation at low (250 keV)
and high (6MeV) energy is presented.

2. Experimental

The geometrical and electrical characteristics of
the CVD diamond samples used in this work are
summarised in Table 1. Sample A is a commercial
`detector-gradea CVD diamond sample with tita-
nium/gold electrodes deposited on both the surfa-
ces. The diamond was clamped between two gold
tips "xed in an insulating (Te#on) block. Fig. 1a
shows diagrammatically a cross-sectional view of
the detector.

The CVD diamond tip was fabricated by deposi-
ting a diamond "lm (about 10}15lm thick) by
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Fig. 2. Scanning electron microscopy photographs of two CVD
diamond "lms grown at the end of three 200lm tungsten wires
etched by the electrochemical method described in Ref. [3]
under di!erent etching conditions.

Fig. 3. Sensitivity of the two diamond detectors as a function of
applied bias voltage under dark conditions and under X-rays
generated by a continuous X-ray source (150kV

1
) and linear

accelerator (6MeV).

the hot-"lament CVD technique on a tungsten tip
obtained by electrochemical etching of W wires,
200lm diameter. Details on the tip formation
and deposition conditions can be found in Refs.
[3}5]. Fig. 2 shows two di!erent samples of CVD
diamond tips deposited on tungsten wires etched in
di!erent conditions. A miniaturised diamond
solid-state chamber was then fabricated by using
the diamond as the sensitive region, the tungsten
substrate and a thin titanium/gold evaporated
layer as electrodes. The detector was then sealed in
a cylindrical polystyrene housing of 20mm dia-
meter. A scheme of the tip and of the plane parallel
diamond detector is shown in Fig. 1b.

The current/voltage characteristics for all the
samples were measured using a Keythley 617 elec-
trometer, both in dark and under a continuous
bremsstrahlung source (150 kV) with a Cu "lter or
a Siemens MD Class MEVATRON 6}15MeV ac-
celerator for radiotherapy [4].

3. Results

Fig. 3 shows the current/voltage curves for the
two samples under high-energy (6MeV, dose rate
35mGy/s) and low-energy (bremsstrahlung X-ray
beam, tube voltage"150kV, dose rate"
60mGy/s) X-ray irradiation. The signal-to-noise
ratio at 100V bias voltage is of the order of 1000 for
both samples. Fig. 3a shows also the di!erence in
the dark current recorded with sample A before
and after irradiation as a consequence of the `prim-
ing e!ecta of the radiation which settles the re-
sponse of the diamond to a stable level [1].

The sensitivity has been calculated by the linear
behaviour of the electrical response of the two
detectors operating at a bias voltage of 100V under
the bremsstrahlung source irradiation at "xed peak
energy of 150 keV and di!erent X-ray tube currents
shown in Fig. 4. The slopes of the linear "ts are
7$0.7 nC/Gy for the diamond tip and
2.7$0.2lC/Gy for sample A.
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Fig. 4. Photocurrents measured at 100V bias as a function of
dose rate. The X-ray tube voltage is 150 kV.

Fig. 5. Sensitivities as functions of X-ray tube peak voltage. The
X-ray tube current is 10mA.

Fig. 6. Photocurrents measured during a 6MeV beam switch-
on}switch-o! cycle at 100V bias as a function of time.

The sensitivities of the two detectors are shown
in Fig. 5. The sensitivity of the diamond tip de-
creases as a function of the peak energy mainly
because low-energy electrons produced by low-en-
ergy X-rays close to the tungsten substrate are
more e!ective, because of their short range and

small thickness of diamond. This result is in agree-
ment with the experimental and simulated response
of diamond detectors deposited on molybdenum
wires shown in Ref. [5].

Fig. 6 shows the time response of the two dia-
mond detectors exposed to X-rays generated by
a linear accelerator for radiotherapy (energy
6MeV). The initial peak due to the accelerator
beam autocalibration is well reproduced in the dia-
mond tip, whereas the response of sample A dem-
onstrates a much slower response which stabilises
after 200 s. The fast response of the diamond tip is
due to its small capacitance and high electric "eld
due to the small curvature radius of the tip (less than
200lm) and small thickness (10}15lm) of diamond.

4. Conclusions

The experimental results shown in this paper
show that CVD diamond detectors could be a use-
ful addition to the range of available ionising radi-
ation dosimeters. Table 2 presents a comparison of
the performances of the diamond samples present-
ed here and of other dosimeters. The sensitivity
of the planar CVD diamond sample A is higher
than that of a commercially available natural IIa
diamond detector [6,7] whereas the sensitivity-to-
volume ratio is approximately the same. This dem-
onstrates, at least in the dose range investigated
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Table 2
Performances of di!erent dosimeters evaluated at a X-ray energy of 100keV

Type Volume (cm3) Sensitivity (nC/Gy) Sensitivity/volume
((nC/Gy)/cm3)

Diamond sample A 0.024 2500 105

Diamond tip (3]10~5 14 '5]105

Natural IIA diamond! 0.0014 175 1.3]105

Ionisation chamber" 0.144 6.2 43

!PTW Riga [7].
"Wellhofer Dosimetrie IC 10.

here, that the CVD technique can provide `de-
tector-gradea diamonds with a similar dosimetric
quality of natural diamonds but with a much high-
er reproducibility and lower costs. Moreover, the
diamond tip shows a sensitivity close to the sensitiv-
ity of a standard ionisation chamber, but owing to
its very small volume, a sensitivity-to-volume ratio
very close to that of commercially available natural
IIa diamond detectors is obtained.
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