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Improvement of the dosimetric properties of chemical-vapor-deposited
diamond films by neutron irradiation
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The performance of chemical-vapor-deposite®¥ D) diamond films as on-line dosimeters has been
substantially improved after irradiation with fast neutrons up to a fluencexdf@®* n/cn?. This is
correlated to a decrease of more than one order of magnitude in the concentration of deep levels
with activation energy in the range 0.9-1.4 eV, as observed by thermally stimulated current and
photoinduced current transient spectroscopy. As a consequence, a fast and reproducible dynamic
response is observed during irradiationiwét 6 MV photon beam from linear accelerator and with

a Cd° source. A quasilinear dependence of the current on the dose rate is obtained in the range of
interest for clinical application®.1-10 Gy/min. The resulting sensitivity is definitely higher than

that of standard ionization chambers, and compares favorably with those of standard silicon
dosimeters and of best-quality natural and CVD diamond devices20@2 American Institute of
Physics. [DOI: 10.1063/1.1491014

Many outstanding properties of diamond, in particularing the sensitivity, the dynamic response, and the reproduc-
soft-tissue equivalence, chemical inertness, nontoxicity andbility of the device during exposure to the radiotherapy
radiation hardness, make this material extremely appealin@eamsg-
for clinical dosimetry*~3 On-line dosimeters made with natu- In this work, we demonstrate that it is possible to sig-
ral diamond are already commercially available but exnificantly improve the dosimetric performance of CVD dia-

tremely expensive and rare due to the difficulty in selectindf',r‘ond films by opportunely tailoring the deep level distribu-
[

stones with the proper dosimetric characteristics. Chemical on through a preirradiation stage with fast neutrons at high

. : i fluence levels. A commercial CVD diamond film with 1
vapor-depositedCVD) diamond films have been recently 1 cn? area and 60Qum thickness, equipped with Cr/Au

proposed in their stead, due to the potential low cost of thig,nic contacts(5 mm diameter has been irradiated at
material. One crucial problem still unsolved is the CVD d'a‘ATOMKI, Debrecen, Hungary, using fast neutrons produced
mond doping recipe required to optimize the performance opy 16 MeV protonsn a 3 mmthick beryllium target and up
such devices. It is well known that a quasi-uniform distribu-to a fluence of 5 10* n/cn?. The neutron energy spectrum
tion of deep levels is needed to ensure the linear response @f monotonically decreasing in the range from 0.1 MeV to
the current signal as a function of the dose fatmfortu-  about 15 MeV; for higher energies a sharp cutoff occflrs.
nately, a high concentration of deep levels might also lead t®eep levels before and after neutron irradiatidil) have

a worsening of the device transport properties. The bulk obeen investigated by means of thermally stimulated currents
undoped CVD diamond films is characterized by a com{TSC and photoinduced current transient spectroscopy
plexly structured distribution of traps giving rise to many (PICTS using a xenon lamp which generates pulses of 0.1 J

active energy levels. Luminescence spectra are dominated Wd 2ps duration, covering the wavelength range 200-1000

5 nm, with a peak at 300 nm. The TSC spectra, measured
the br_oadA bapd, placed near 3 e\(, now _related 0 defepts before and after NI, exhibit a broad line peaked-&520 K,
(possibly sp?-like structure at dislocations and grain

boundarie€ H lectrical . as shown in Fig. 1. A detailed investigation revealed that this
oundaries. However, electrical properties at room empera-q, minant feature is due to the emission from different deep

ture are mainly influenced by shallower levels, below 1.5 eVqyels!! At least four components are needed to fit the ex-

due to incorporated impurities or correlated to extended deperimental results. The best fit is obtained using four deep
fects at grain boundari€$ These traps can be effective in |evels (Nos. 1-4 characterized by activation energies
reducing the carrier lifetimes and, consequently, in worsenin the range 0.9-1.4 eV, small capture cross
sections (10'-10 '°cn?) and total concentrationN,
dAuthor to whom correspondence should be addressed; electronic maif™ 10*° cm~2. lllumination with the Xe lamp does not ensure
bruzzi@fi.infn.it a complete trap priming; thus, in order to completely saturate
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FIG. 1. TSC measurements performed with heating @t€0.15K/s and  F|G. 3. |-V characteristics befor¢circles and after(crosses NI. The
Vhias= 100 V. The background curreri®) is measured without excitation. dashed lines represent the fit of the characteristic after neutron irradiation,
The other curves in the main plot correspond to measurements performeghrresponding to a resistivity 8L0M Q cm. Two curves measured before
after a 30 min excitation using the Xe lamp, beféceand after(b) NI. The N are shown in the inset. Curv@) is identical to the curve marked with

contributions of fit components Nos. 1-6, calculated with arbitrary ampli-cjrcles in the main plot, and is compared with the characteristic measured
tudes, are shown in the bottoflashed linesfor comparison. The spectrain  after exposure to Xe lamfzurve b.

the inset have been measured after a priming with & @source, up to a
dose of 8 Gy; the signal measured after(t)l is multiplied by ten for better

comparison with the spectrum measured beforde)l mines a general stabilization of the current response. As

shown in Fig. 3, before NI, the current—voltade-{) char-
the dominant levels, the sample has been irradiated with thacteristic is nonsymmetric with respect ¥,,—0, and
Ca®® source up to a dose of 8 Gy. The resulting TSC spectrshows a linear behavior only for positive biases. This is
are plotted in the inset of Fig. 1, showing that the spectraprobably due to polarization effects!® After NI, the |-V
amplitude is reduced by a factor 20—30 after NI. Some decurve becomes almost linear and symmetric, denoting a good
fects activate near room temperature, generating a spectrahmic behavior, with a resistivity of about &0 Q cm.
contribution in the range 300—400 K. The total concentrationin the inset, the characteristic measured before NI is com-
of these traps before NI wa,~10'® cm 3, but after NI  pared with the same characteristic obtained after a 30 min
they are no longer observable by TSC. They have been alsexposure to the xenon lamp and a 30 min de-excitation at
studied by PICTS, which offers higher sensitivity and reso-room temperature. After illumination, the current grows, and
lution than TSC: Results are shown in Fig. 2. The PICTSthe |-V curve becomes highly nonlinear, putting into evi-
spectra is calculated &T)=J(t,,T)—J(t;,T); J(t,T) de-  dence the occurrence of polarization effects. The initiaV/
notes the current density transient at the temperafurd/e  behavior is recovered after 20 h annealing at room tempera-
usedt;=100us, t,=400us, a bias/,;,c=50V, and a heat- ture, or after heating the sample at 650 K.
ing rate3=0.07 K/s, slow enough not to affect the spectrum  The dosimetric characterization of the sample was car-
shape. Two deep leve(dlos. 5 and with energy=~1.2 eV  ried out at the radiotherapy unit of Dipartimento di Fisiopa-
and very large cross sections- {0 3 cn?) can partially  tologia Clinica of Florence. During exposure, the sample was
account for this spectral feature, together with a shalloweplaced in a cylindrical polymethylmethacrylate housing and
level, No. 7(E=0.39 eV, 0=3.2x10 % cn¥). The signal biased with Vp,,c=100V. The current response of the
amplitude, and thus the concentration of deep levels Nossample under exposure to a ®wsource (dose rateD,
5-7, are reduced about one order of magnitude after NI. =0.2 Gy/min is shown in Fig. 4. To passivate the deeper

The reduction of the deep levels concentration deter-
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exposure to a G8 y-source measure@) before(as grown and(b) after NI.
FIG. 2. PICTS spectra measured beftapand after(b) NI. The calculated  The source has been switched on and off several times to test the dynamic
spectral lines corresponding to deep levels Nos. 5-7 are reported in thesponse of the sample. The applied voltage is 100 V, the dose rate is 0.3

bottom (dashed lings with arbitrary amplitude, for comparison. Gy/min.
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traps, the sample has begtirradiated up to a dose of 20 Gy energy levels created in large concentration by NI could in-
before measurements. Before NI, the current ungdexpo-  teract with the existing 0.9-1.4 eV levels, significantly re-
sure is steadily increasing during time and, when the beam iducing their filling under excitation. Moreover, if 0.9-1.4 eV
switched off, the current shows a slow decay. After NI, thelevels are related to extended defects, structural changes sub-
intensity of the on-line current is lowered by one order ofsequent to the direct collision between defects and neutrons
magnitude, but the dynamic response is heavily improvedmight occur.

The signal is well reproducible after several irradiation  Our results demonstrate that fast neutron irradiation at
cycles, achieving a stable value within a few seconds. Théigh fluence levels can be a very useful tool to optimize the
charge released over each irradiation cycle grows linearlperformance of CVD diamond devices, through the con-
with the absorbed dose, determining a sensitivity of aboutrolled tailoring of the deep level distribution in the material
45 nC/(Gymni). This value is definitely higher than the bulk. This opens the way for the development of low cost,
sensitivity of ionization chambers, and compares favorablhhigh-quality CVD diamond on-line dosimeters for clinical
with those of standard silicon dosimeters and best-qualityapplications in radiotherapy.

CVD and natural diamond devicé$!®
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