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The paper investigates a possibility of pMOS dosimeter re-use for the measurement of
gamma-ray irradiation. The dosimeters were irradiated to the dose of 35 Gy, annealed at
room and elevated temperatures, after which they were irradiated again to the same dose
value. Changes in the threshold voltage shift during those processes were followed, and it was
shown that their re-use depends on a gate polarization during irradiation. For the gate polar-
ization of 5 V during irradiation the pMOS dosimeters can be re-used for measurements of
the irradiation dose after annealing without prior calibration. The pMOS dosimeters with the
gate polarization during irradiation of 2.5 V can also be re-used for irradiation dose measure-
ments but they require calibration. Itis shown that for their re-use it is necessary to anneal the
pMOS dosimeter so that the fading is higher than 50%.
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INTRODUCTION

Over the past few years, there has been an in-
creasing interest in MOSFET (metal-oxide-semicon-
ductor field effect transistor) dosimetry. This has been
stimulated by a new technology development leading
to the use of new types of detectors [1-9]. The idea to
use radiation sensitive p-channel MOSFET with
Al-gate as a dosimeter (known as pMOS dosimeter or
RADFET) has been around since the beginning of the
1970’s. These dosimeters have been developed for ap-
plications such as space, nuclear industry, and radio-
therapy [10-13]. The application of pMOS dosimeter
is based on converting the threshold voltage shift AV,
induced by radiation, into the radiation dose D. The
pMOS dosimeter must satisfy two fundamental
dosimetric demands: a good sensitivity to irradiation
and an insignificant change in the threshold voltage of
irradiated dosimeter for a long time. The radiation sen-
sitivity can be achieved by increasing oxide thickness
[14-16], by stacking more transistors [17, 18] or ap-
plying a positive bias at the gate during irradiation [ 19,
20]. Beside the above mentioned requirements, it is
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very important, for practical applications, to achieve a
linear dependence between AV and D [21]. After irra-
diation the usually changes, what leads to a loss of
dosimetric information. The dosimetric information
loss during annealing can be observed by calculating
fading, F (7). Fading, expressed in %, is obtained by
evaluating the ratio AV(R)/AV+(0), where AV (R) is
the change in the pMOS dosimeter threshold voltage
with time after irradiation and AV(0) is the change in
the threshold voltage due to radiation.

There are several types of dosimeters like
thermoluminescent dosimeters (TLD), semiconductor
diodes, and optically stimulated luminescence dosim-
eters (OSDL). The TLD are rather small, well charac-
terized and standard in use; however, they are not suit-
able for measurements and readout of dosimetric
information that is destructive. Semiconductor diodes
are also miniature in size, but they produce a small
dosimetric signal and require high voltage. The opti-
cally stimulated luminescence (OSL) dosimetry con-
cept has recently re-emerged with promising results
[22], however, OSLD require integration of electronic
and optic elements in the readout system and
dosimetric information is read destructively. The
pMOS dosimeters advantages include immediate,
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nondestructive readout of dosimetric information, ex-
tremely small size, very low power consumption, wide
dose range and very competitive price. However, the
disadvantages imply a need for calibration in different
radiation fields, relatively low resolution (starting
from about 102 Gy) and inability to be re-used [20].
Previously published results [23] have suggested a
possibility to re-use the pMOS dosimeters. The aim of
this paper is to investigate such a possibility for radia-
tion doses of several tenths of Gy for different values
of gate bias during radiation.

EXPERIMENTAL DETAILS

The experimental samples used in this paper
were radiation sensitive Al-gate p-channel MOS tran-
sistors (pMOS dosimeters or RADFET) manufactured
by Tyndall National Institute, Cork, Ireland. The tran-
sistors have 400 nm thick oxides grown at 1000 °C in
dry oxygen and annealed for 15 minutes at 1000 °C in
nitrogen. The post-metallization annealing was per-
formed at 440 in forming gas for 60 minutes (see ref.
[20] for more details). The samples were irradiated at
room temperature using 22 Co radiation source up to
35 Gy(Si) and a dose rate of 0.02 Gy(Si)/s. The irradia-
tion was performed in the Secondary Standard Dosim-
etry Laboratory of the Vinca Institute of Nuclear Sci-
ences, Vinca, Belgrade. All measurements were
conducted in a climate controlled laboratory environ-
ment at the ambient temperature of 20 £ 20 °C. The air
kerma rate in the reference point was measured using a
calibrated, vented 0.6 cm? ionization chamber (Model
30012, PTW, Freiburg, Germany) and electrometer
Unidos (PTW, Freiburg, Germany). The standard cali-
bration of the chamber in terms of air kerma and ab-
sorbed dose in water in 22 Co beam quality was per-
formed in the Secondary Standard Dosimetry
Laboratory of the International Atomic Energy
Agency, Vienna. The calibration coefficients obtained
in this way are traceable to BIPM. The values obtained
were transformed to absorbed dose in relevant mate-
rial. Taking into account relevant influencing quanti-
ties, as the electrometer range, ambient temperature,
and pressure conditions, energy, material, polarity,
and charge recombination, combined and expended
uncertainty of air kerma measurement (k = 2) is esti-
mated to be 1.1% (for more details about measurement
uncertainty see refs. [24, 25]). The gate bias during ir-
radiation, V,,, was 5,2.5,and 0 V. After irradiation, the
pMOS dosimeters were annealed at room temperature
for 5232 hours without gate polarization. Further an-
nealing process was continued at the 120 °C for 432
hours without gate polarization. After that, the pMOS
dosimeter were irradiated and annealed under the
same conditions for the second time. The transfer
characteristics were measured using Keithley model
4200 SCS (seeref. [26] for more details). All measure-

ments on samples were performed at room tempera-
ture by interrupting the radiation or annealing process.
The pMOS dosimeter threshold voltage before irradia-
tion V7, as well as during irradiation and annealing V7
(AVy=Vr—V5o) was determined from transfer charac-
teristics, i. e. as intersection between V axis and ex-
trapolation of linear region of the I,'? — V; character-
istics [27], where [}, is the drain current and V; is the
gate voltage.

RESULTS AND DISCUSSION

Figures 1-3 show AV} = (D) dependence for
both first and second irradiation for V,, values of 5,
2.5, and 0 V, respectively. It can be seen that there is
approximately a linear dependence between AV and
D for V;,,of 5Vand 2.5 V which proves that sensitivity
of pMOS dosimeters for radiation doses to 35 Gy can
be determined as AV/D [26]. For the first and the sec-
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Figure 1. Threshold voltage shift AV as a function of
dose for 1°** and 2™ irradiation; the gate voltage during
irradiation was Vi, =5V
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Figure 2. Threshold voltage shift AV as a function of
dose for 1% and 2" irradiation; the gate voltage during
irradiation was V;,, =25V
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Figure 3. Threshold voltage shift AVy as a function of
dose for 1 and 2" irradiation without polarization on
the gate

ond irradiation for V,, =5 V the values of AV practi-
cally overlap (fig. 1), for V;,,=2.5V, AV values dur-
ing the second irradiation are slightly higher (fig. 2),
while for Vi, =0V, AV values for the second irradia-
tion are considerably higher (fig. 3). These results are
in opposition with the results presented in [23] for
pMOS dosimeters irradiated up to 400 Gy. Namely, in
paper [23] it was shown that the values of AV during
the first irradiation (for V,,, =5 V and V;, =0 V) are
larger than the values obtained after the second irradia-
tion. It can also be seen from the figs. 1-3 that the in-
crease of V. leads to the increase of AV for the same
irradiation dose, i. e. the sensitivity of pMOS dosime-
ters is increased with increase of V;,,, what is in good
agreement with our previous results [21, 26].

Figures 4, 5, and 6 represent fading, F' (¢) for
pMOS dosimeters with a gate polarization during irra-
diation ¥, of 5, 2.5, and 0 V, respectively. It can be
seen that fading at room temperature is larger after the
first irradiation than after the second one as well as that
it is larger for pMOS dosimeters with higher value of
gate polarization during irradiation, figs. 4(a), 5(a),
and 6(a). The continuation of annealing at 120, figs.
4(b), 5(b), and 6(b), leads to a considerably smaller
fading after the first irradiation then after the second ir-
radiation. After the first irradiation for samples with
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Figure 4. Fading F after first and second radiation: at
room temperature (a) and at 120 °C (b); the gate voltage
during irradiation was V;,, =5V
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Figure 6. Fading F after first and second radiation: at
room temperature (a) and at 120 °C (b); the gate voltage
during irradiation was Vi, =0V

the gate polarization during irradiation of 5 V and 2.5
V the fading is increased at 120 °C for 60% and 53%,
respectively, figs. 4(b) and 5(b), while for the samples
without gate polarization during the first irradiation
the fading remains approximately constant, and it has
value of about 27%, fig. 6(b). After the second irradia-
tion the fading is increased at 120 for samples with the
gate polarization of 5 and 2.5 V for 81%, figs. 4(b) and
5(b), while the fading for samples without the gate po-
larization is about 35%, fig. 6(b).

As it can be seen from fig. 1, AV values for the
first and the second irradiation for V, =5V are practi-
cally the same although the fading after the first irradi-
ation was 60%. It shows that fading is not a limiting
factor for pMOS dosimeters re-use. Hence, after an-
nealing atroom and elevated temperature those dosim-
eters can be used again for a radiation dose measure-
ment. The latter also implies the samples with 2.5 V
gate polarizations during irradiation (fig. 2), but it is
necessary to perform additional re-calibration of the
AV; = fiD) curve. The pMOS dosimeters irradiated
without a gate polarization (fig. 3) cannot be used for
additional radiation dose measurement due to a large
difference between AV values after the first and the
second irradiation.

Because the fading at 120 °C after the second an-
nealing is higher than after the first one, figs. 4(b) and
5(b) it is expected that the considered pMOS dosime-
ters can be used for the third measurement of radiation
doses. Further investigations under various conditions
such as gate polarization during irradiation and an-
nealing, gate oxide thickness, irradiation dose range,
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annealing temperature should confirm the possibility
of these dosimeters re-use.

CONCLUSIONS

The paper presents the response of pMOS do-
simeters during two successive gamma irradiations to
35 Gy and further annealing at room and elevated tem-
perature. The response was monitored on the bases of
the threshold voltage shift change as a function of ab-
sorbed dose or annealing time. It was shown that the
threshold voltage shift values after the first and the
second irradiation are approximately the same when
the gate polarization was 5 V, while they slightly differ
for the gate polarization of 2.5 V. Such relatively good
agreement between the threshold voltage shifts values
was achieved in spite of the fact that fading after the
firstannealing was not 100%, but slightly above 50%.

Based on the obtained results it can be concluded
that pMOS dosimeters can be re-used for the measure-
ment of radiation dose if they are annealed after the first
irradiation at room and elevated temperature. Because
the fading during the second annealing is much higher
than during the first annealing, it may be concluded that
these dosimeters can be used for multiple measure-
ments of absorbed dose of gamma-ray irradiation. Ad-
ditional investigations should provide a more detailed
information regarding the pMOS dosimeters re-use.
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CYKIIECMBHO O3PAYUBAILE T'AMA 3PAYEILEM U
OAI'OBAPAJYHRU OIIOPABAK pMOS JO3UMMETAPA

Pasmorpena je moryhnoct nmpumeHe pMOS po3umeTrapa 3a IIOHOBHO MEpEmE [03€ rama
3pauema. OBU T03UMETPH Ccy O3pauuBanHu 710 fo3e 35 Gy, TOTOM ONOpaBibaHN HAa COOHO] W TOBUIIEHO]
TeMIlepaTypHy M IIOHOBO O3padmBaHM j0 ucTe mo3e. [IpaheHe cy mpomeHe HamoHa mpara TOKOM OBHX
Ipolieca 1 IOKa3aHo je 1a ’IXOBa IOHOBHA IIPUMEHA 3aBUCH Off HATIOHA Ha I'ejTY TOKOM 3padeHha. 3a HalloH
Ha rejTry of 5 V pMOS po3umerpu ce MOry €(UKacHO IMPUMEHUTH 3a IIOHOBHO MEpEHE [03€ IMOocie
onopaska. Takobe, pMOS fo3uMeTpu unja je nosjapusanyja HarejTy 2.5 V Mory ce NpuMeHHUTH 32 IOHOBHO
Mepeme [03€ y3 NpeTXOofHy KanuOpauujy. 3a moHoBHY npumeny pMOS pgosumerapa moTpeOHO je
M3BPIIXATH ONIOpaBaK Tako jia gepunr oyne Behu ox 50%.

Kwyune peuu: pMOS 0o3umeitiap, 2ama 3payerbe, ipomeHa HAlloHa ipaza, aiicopbosana 003a



