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High dosage thermoluminescence diamond
dosimeters

Diamond thin films have been irradiated with high doses (up to
12.8 kGy) of *’Sr beta particles. The diamond thin films have been synthesized from
commercial Tequila as a precursor using pulsed liquid injection by chemical vapor
deposition technique reported recently. Thermoluminescence phenomena at these doses
exhibit peak curve shift to higher temperatures (from 370 to 440 K) in the glow curve
and the integrated thermoluminescence curve show a linear behavior. Therefore, it has
been considered that diamond thin films could be used as high doses dosimeters.

Keywords: CVD diamond, thermoluminescence, dosimeters.
INTRODUCTION

Until today the thermoluminescence (TL) phenomena are used to
determine the interaction of the matter and radiation, a technique to determine the
radiation dose was first proposed by Farrington Daniels at 1950s [1, 2]. Diamond
thin films synthesized by different chemical vapor deposition (CV D) techniques have
been investigated as thermoluminescent materials for medical application [3-5].

Moreover, diamond is non-toxic and has a tissue equivalent atomic number
desirable in clinical dosimetry. However, there are unresolved problems concern-
ing the reproducibility and homogeneity of samples [6, 7]. Successful synthesis of
diamond films from organic compounds by pulsed liquid injection by chemical
vapor deposition (PLICVD) using different liquid precursors as acetone, ethanol,
and methanol was reported by Morales et a. [8]. The PLICVD method involves
vapor phase reaction driven by flash evaporation phenomena to produce reactive
products at the reaction chamber. It allows a uniform deposition over large area,
selective deposition, and high reproducibility [7-9].

A careful C-O-H relationship is necessary to produce pure diamond phasein a
CVD type system. Tequila composition contains suitable C—-O—H proportion to get
diamond thin films by a PLICVD technique. The liquid precursor basically consists
of water and ethanol (C;HsOH + H,0), combination important to form bonding
energies of C-C, C-H, C-0, and H—OH, since the ethanol molecules will be disso-
ciated to supply carbon atoms with hybrid bond (sp®), whereas water provides an
excess of hydrogen to produce other allotropes[10].

In thiswork diamond film synthesized by the PLICVD method using tequila as
precursor were irradiated with high doses (up to 12.8 kGy) of *Sr beta particles.
These films present a linear behavior of the integrated TL as a function of the
irradiation dose. So, diamond thin films synthesized by the PLICVD method could
be used as high dose dosimeters.

EXPERIMENTAL

Small pieces of Si (100) wafer used as substrates were fixed to holder through
silver paste. Temperature was controlled at 850 °C by means of an automated
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temperature controller. Reactor pressure varied from 4.76 up to 4.99 Torr during
injection processes and flash evaporation. Carriers and reaction gases flux were
fixed at 0.8 and 0.1 L/min respectively. Tequila precursor was injected into the
reactor trough a precise injection system using a microdose of 6.26-10° mL per
pulse. Temperatures in the evaporation zone and along the vapor transport line
were fixed at 280 °C [9].

The surface morphology and structure of the diamond films were studied using
an Atomic Force Microscope (AFM) model AutoProbe CP and a Dilor
microRaman spectrometer with 20 mW and 632 nm He—Ne laser equipped with a
confocal microscope. TL measurements and beta irradiation were performed on a
Risg TL/OSL model TL/OSL-DA-20 at room temperature (~ 22 °C). The device is
equipped with a ®Sr beta radiation source using a 5 Gy/min dose rate. The TL
readouts were carried out in a N, atmosphere at a heating rate of 5 K/s.

RESULTSAND DISCUSSIONS

Nanosized diamond grown onto the Si substrate is shown in atomic force
microscopic image in Fig. 1. Raman spectroscopy allows one to perceive between
different phases of a given material, since the Raman scattering efficiency for
graphite is over 50 times greater than that for diamond. Figure 2 shows
microRaman spectrum of a nanodiamond film with its sharp band located close to
1332 cm ™, which is characteristic of agood quality diamond [11].

Fig. 1. AFM image of the diamond thin film surface on a Si substrate [9].
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Fig. 2. MicroRaman spectrum indicates sharp band characteristic of good quality diamond struc-
ture[9].
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Diamond films exposed at *°Sr beta radiation at an absorbed dose of 500 Gy
show a glow curve with one peak at 440 K, as displayed in Fig. 3. The reusability
tested in 16 cycles using the same dose shows the instability less than 5% in last
10 cycles. This indicates that the repeated use of the diamond film should not
change the sensitivity of its glow curve. This is highly relevant because most
materials suffer from radiation damage at high dose (> 100 Gy). Figure 4 shows
readings of successive reuse cycles. The minimum detectable dose with value
3.2 Gy was calculated [12].
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Fig. 3. Glow curve corresponding to an exposure dose of 500 Gy.
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Fig. 4. Repeatability of TL response over 16 cycles.

Figures 5 and 6 show glow curves of diamond films exposed to doses in the
range from 0.01 to 12.8 kGy. It can be seen that the peak curve shifts to higher
temperatures (from 370 to 440 K) and raises TL intensity without saturation as the
dose increases. A low dose range (< 100 Gy) provides clinical applications and its
complement is helpful for irradiation space and food. An important TL dosimeter
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property is that it presents linearity between TL intensity and absorbed dose, in its
full interval. This is exhibited in Figs. 7 and 8, where the integrated TL as a
function of the irradiation dose indicates a linear dependence. Hence, the PLICVD
diamond film is promising for the development of a high-dose dosimeter.
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Fig. 5. Characteristic glow curves using exposure doses of 10 (/), 25 (2), 50 (3), 75 (4), 100 (5),
125 (6) and 150 (7) Gy.
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Fig. 6. TL glow curves of PLICVD diamond film excited with 90Sr radioisotope at high dose
interval, of 100 (7), 200 (2), 400 (3), 800(4), 1 600 (5), 3 200 (6), 6 400 (7) and 12 800 (8) Gy.
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CONCLUSIONS

Diamond films under study present very promising features as to be developed
as TL dosimeters for applications involving high doses of radiation (> 10 Gy). TL
response of nanodiamond as a function of a dose has a linearity. Its materials can
be reused several times. Even more, its material can be used in vivo measurements
for radiotherapy applications, dosimetry special, in food and industry. A Tequila
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based diamond film as a dosimeter can be applied in different areas, where a
radioactive control is used.
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Fig. 7. Linearity of the integrated TL as a function of absorbed dose of the diamond thin film in

the low dose range.
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Fig. 8. Integrated TL as a function of irradiation with a high dose obtained from diamond film

subjected to beta particle irradiation.
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AnmasHi moHKi niuieku, AKi 610 CUHME308AHO XIMIUHUM OCAONCEHHAM NApie
3 npomucnoeo eupobnenoi Texinu 6 akocmi npexypcopy 3 UKOPUCIAHHAM MemoOy IMIYIbCHO20
YNOPCKYBAHHA PIOUHU, NPO AKULL OYI0 HEuWjo0da8HO NOGIOOMIEHO, ONPOMIHIOBANU BUCOKUMU (00
12,8 kIp) dosamu Gema-wacmunox *°Sr. Ilpu maxux 003ax ONpOMiHEHHA MAKCUMYM KDUBOY
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mepmontominecyenyii 3cysaemocs 0o Oinvui sucokux (6i0 370 0o 440 K) memnepamyp i
3a1edHCHICMYb IHMe2po8anol mepmoniominecyenyii 8i0 003U OnpomiHeanns € aiuiinoio. Tomy
anmMasni MOHKI NAIGKU MOXCYMb OYMU GUKOPUCMANI AK OO3UMEMPU NpU BUCOKUX 003GX
ONPOMIHIOBAHHS.

Knrwwuoei cnosa: CVD-anmas, mepmoniominecyenyis, oo3umemp.

Anmasnvie momnKue nieHKU, KOMopbvle ObLIU CUHME3UPOBAHbL XUMUUECKUM
ocancoeHueM napogé u3 NPOMbIUIAEHHO npouzeedenoll Texuivl 6 Kauecmee NpeKypcopa npu
UCNONB306AHUU MeMOOAd UMRYIbCHO2O GNPLICKUGAHUSL JCUOKOCU, O KOMOPOM HEIA8HO OblLIO
coobueno, obnywanu evicokumu (00 12,8 xIp) dosamu Gema-vacmuy *°Sr. Ipu maxux dosax
006nyYeHUs MAKCUMYM KPUBOU MepMOTIOMUHECYSHYUU cogueaemcsi 8 obaacme 6oiee GblCOKUX
(om 370 0o 440 K) memnepamyp u 3a8UcCuMOCmb UHMESPUPOBAHHOU MEPMOTIOMUHECYEHYUU OM
00361 0Onyuenus sigusiemcs aunennol. Iloemomy animasnvle moHKue NieHKU Mo2ym Oblmb uc-
NONb306aHbBL KAK 003UMEMPbL NPU GbICOKUX 003aX 0OLyYeHUs.

Knrouesvie cnosa: CVD-anmas, mepmontomunecyeHyus, 0o3umemp.
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