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ABSTRACT

In this work, it is presented the results obtaiméth this rad-hard STFZ silicon diode as a higha@lgamma
dosimeter. This device is &/p/n" junction diode, made on FZ Si wafer manufacturg@®kmetic Oyj., Vantaa,
Finland and processed by the Microelectronics Canftelelsink University of Technology. The resutistained
about the photocurrent registered and total chacgemulated on the diode as a function of the ttabrbed
dose are presented. The diodes’s response shosigdificant saturation effect for total absorbede® higher
than approximately 15 kGy. To reduce this effeotne STFZ samples have been pre-irradiated with gamm
rays at accumulated dose of 700 kGy in order toratd the trap production in the diode’s sensitioieime.

1. INTRODUCTION

Recent developments of radiation tolerant silicoodées for future high-luminosity High
Energy Physics (HEP) experiments at the Large Ha@alider (LHC) accelerator [1,2] have
foreseen applications of these devices in othardbras of science [3,4]. In particular, in this
work we report on results obtained with a rad-Hatahdard Float Zone (STFZ) silicon diode
as a high-dose gamma dosimeter for future appdieation radiation processing [5]. The
dosimetric probe, based on the STFZ device, wagmes to operate without bias voltage in
the direct current mode as on-line radiation dosamé he main advantage of recording real
time currents, and consequently dose rates, isoMide continuous data of dose delivered to
the product for quality assurance in radiation pesing.

The article is outlined as follows: the experiméstup and procedure utilized to study the
response of the diode as a high dose gamma dosiaretdescribed in section 2. The results
obtained and discussion about the photocurrenstesgd and total charge accumulated on
the diode as a function of the dose are presentsddtion 3. The last section is reserved for
conclusions.



2. EXPERIMENTAL SETUP

The p/n/n’ junction device used (with an active area of 28%was made on FZ Si wafers
of 300 um thickness and resistivity about 1400cm. This diode has a multiple guard ring
(MGR) structure and it was manufactured by Okméxg (Vantaa, Finland) and processed
by the Microelectronics Center of Helsinki Univéysof Technology in the framework of the
CERN RD50 Collaboration. Two diodes with similarachcteristics from I/V and C/V
standard measurements, hereafter referred as Fai#b&Z#75, were used in this work. The
FZ#54 was not irradiated before using as a dosimeteile the FZ#75 received a gamma
pre-dose of 700 kGy.

Figure 1 shows the dosimetric probe where each edishs put inside a small
PolyMethilMetacrylate (PMMA) box to be protectecbrin moisture, light and mechanic
vibrations. All guard rings were left floating wailthe back plane {h of the device was
properly grounded. The'pfront electrode was directly connected, via a domg 50 Q
coaxial cable, to a Fluke 189 multimeter (time heson of 4 s). The data were acquired with
the FlukeView Form$ software. A schematic diagram of the experimesgalip used during
the measurements is showed in the Figure 2.
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Figure 1. Dosimetric probe based on STFZ diode.
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Figure 2. Schematic diagram of the experimental
setup used during the measurements.
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The irradiation was performed at IPEN-CNEN/SP usirfJCo source (Gammacell 220 —
MDS Nordion) at a dose rate 2.3 kGy/h with traceability through the Internai# Dose
Assurance Services (IDAS) from International Atorreergy Agency (IAEA). With no bias
voltage, the diode was placed in the central pwsitf the®Co irradiation chamber and
irradiated in consecutive steps from 5 kGy up tk&8Y¥ to achieve an accumulated dose of
275 kGy. It took approximately 120 h irradiatiomé to reach the total absorbed dose in
device. After each step, the source was switchédoofneasure the current noise of the
dosimetric probe. The temperature during expos@a®typically 25 + 3 °C.

3. RESULTS

The current response of the FZ#54 diode urfd€o gamma radiation within different
exposure times is shown in Figure 3. The sensitideépendence on the dose is clearly
evidenced by a fast decay of the diode’s photoatifoe accumulated doses of about 30 kGy,
followed by a slower decrease at higher doses.
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Figure 3. Current response of the FZ#54 diode for
successive exposure times at 2.33 kGy/h.

From Fig.2, it was expected a less pronounced tbatysdecay at accumulated doses higher
than approximately 300 kGy. In order to improve diade response stability, by reducing its
sensitivity dependence on the dose, the FZ#75 samas pre-irradiated witffCo gamma
rays with a dose of about 700 kGy.
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Indeed, in Figure 4, the current response of thé&7bZdiode, evaluated for accumulated
doses up to 275 kGy, presents very stable curignals. For a dose rate of 2.31 kGy/h, the
average photocurrent value was about |46 It is important to note that, even being less
sensitive, the unbiased diode photocurrent to darient ratio is about £0

1.0 /17— T T T T T L
09 L FZ#75 |
0.8 |- 2 .
> >
i 0.7 | w8 q o 4 M %) > -
P 3 = £ 9
= 06 f - i = ] 3 -
GJ 3 m
S 05 o " ]
O L -
L o4} ]
(@]
= i 4
o 03} ]
02} .
0.1} -
0 | M M 1Y P SR I PR B | I | R a 1) e A ]
0 20 40 60 80 100 120 140
Time (h)

Figure 4. Current response of the FZ#75 diode for
successive exposure times at 2.31 kGy/h.

To compare the stability response of the FZ#54 BA#75 devices, the average current
signals of each exposure, normalized to the avecagent at 5 kGy of both diodes, are
plotted in Figure 5 as a function of the accumuladese up to 300 kGy. Within this dose
range, the sensitivity decrease of FZ#75 was od¥g,lagainst 70% for FZ#54.

This stability is also evidenced in Figure 6 whsitows the released charge in both devices,
obtained by integrating the current signals over éxposure times, as a function of the
accumulated dose. As can be seen, for doses hibher 15 kGy the FZ#54 shown a
significant saturation, probably due to point dé&fecreated in its volume by the gamma
radiation. Conversely, within the whole dose rarigeas observed a quadratic response of
the FZ#75 device with a correlation coefficienfBf 0.99998 as was shown in the Figure 6.
These results suggested that pre-irradiation with KGy was enough to achieve the stable
response of this device.
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Figure 5. Average current signals of each succegsi
exposure, normalized to the average current at 5 ks
of both diodes, as a function of the total absorbedose.
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Figure 6. Dosimetric response of FZ #54 and #75

devices as a function of the total absorbed dose.
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4. CONCLUSIONS

STFZ diodes have been characterized as on®il6e gamma radiation dosimeters from
5 kGy up to 275 kGy. In this dose range, the semiyitdecrease of the FZ#54 diode was
about 70% which led to a significant saturationitsncharge versus dose response. This
effect, due to gamma radiation induced point-defacthe crystal bulk, was reduced by pre-
irradiating the FZ#75 diode with a gamma dose & KBy. With this device, it was observed
stable and reproducible current signals with aifeitg decrease of about 10% within the
whole range of dose studied. Furthermore, the FA#38e exhibited a quadratic dosimetric
response.

Despite of being preliminary, these results hav@wshthat pre-irradiated STFZ devices can
be used as on-line gamma dosimeter in radiatiocgssing applications for doses up to
275 kGy.
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