2009 International Nuclear Atlantic Conference AGI 2009
Rio de Janeiro,RJ, Brazil, September27 to Octob2029
ASSOCIACAMRASILEIRA DEENERGIANUCLEAR- ABEN

| SBN: 978-85-99141-03-8

RADIATION DAMAGE EFFECTS IN STANDARD FLOAT ZONE
SILICON DIODES

Kelly C. S. Pascoalind, Fabio Camargd, Renata F. Barbosa, Josemary A. C.
Gongalves?, Carmen C. B. Tobias?

! Instituto de Pesquisas Energéticas e Nuclear&\(IFCNEN - SP)
Av. Professor Lineu Prestes 2242
05508-000 Sé&o Paulo, SP

ccbueno@ipen.br

2 pontificia Universidade Catélica de S&o Paulo (R$®)
Rua Marqués de Paranaguéa 111
01303-050 Séao Paulo, SP

ABSTRACT

The aim of this work was to study the radiation dgmeffects on the electrical properties of stathdlaat zone
diodes (STFZ). Such effects were evaluated by migmpthe current and capacitance of these devisea a
function of the reverse voltage. For comparisomygnt and capacitance measurements were carrieditiua
non-irradiated STFZ device. The irradiation wadqrened in the Radiation Technology Center (CTRIP&N-
CNEN/SP using 8°Co irradiator (Gammacell 220 — Nordion) with a doa& of about 2.2 kGy/h. Samples
were irradiated at room temperature in steps blifom 50 kGy up 140 kGy which lead to an accuated
dose of 460 kGy. The results obtained have shoanttie upper dose limit for a “damageless” STFAldits
about 50 kGy.

1. INTRODUCTION

The widespread use of silicon detectors in highrggnehysics experiments has pushed
researches through the development of deviceshgthtolerance towards radiation damage
[1-2]. Among several damage effects that spoil the deteesponse, it has been shown that
the major drawback is the increase of both thedgalcurrent and the full depletion voltage
of the device with the accumulated dose.

Therefore, measurements of these steady-stateieddcharacteristics of irradiated detectors
are an important tool to quantify the upper doseitlin order to predict their long term
stability under severe irradiation environment.

Studies have been shown that high oxygen concemtratto the bulk silicon improves the
tolerance towards radiation damage [3]. Howevethgievices are more expensive than the
devices produced by standard float zone method{yTF

In order to evaluate the possibility of using STdiddes for high dose gamma dosimetry, it
was investigated the radiation damage effect ondéhngces electrical properties, such as
current, capacitance and full depletion voltageerajamma radiation exposure.



2. EXPERIMENTAL SETUP

The STFZ diodes used, with active area of 25°nwere processed on float zone Si wafer of
300 um thickness and resistivity of 1.42kcm. The device irradiation was performed in the
Radiation Technology Center (CTR) at IPEN-CNEN/Sihg a®°Co irradiator (Gammacell
220 — Nordion) which delivers a dose rate of 2.3kG

During the irradiation processes, the diode waseoted through low-noise coaxial cables to
the input of a KEITHLEY 617B electrometer, in ordermonitor the device photocurrent as

a function of the exposure time. The diode wadliated at room temperature in dose steps
variable from 40 kGy up to 460 kGy.

After each step of irradiation, current and capame measurements as a function of the
reverse voltage were performed. For comparisomgntiand capacitance measurements were
carried out previously with the non-irradiated STde¥ice.

3. RESULTS
The diode irradiations were performed in four stefpaccumulated dose of 40 kGy, 174 kGy,

314 kGy and 460 kGy. In each step of irradiatidre tiode photocurrent signals were
monitored as a function of the exposure time asbeaseen in Fig. 1.
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Figure 1. Photocurrent as a function of exposure
time for each step.

As expected from previous work [4] the diode séwitjt decrease observed during the
irradiation time was more pronounced in the lowedosgion. Furthermore, after being
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irradiated with 460 kGy the diode current respowss almost stable despite of the drop of
its sensivity. Indeed, the current signal decredmserved in the dose range of 40 kGy to 460
kGy was about 43%.

To study the influence of this effect on the eleelr characteristics of the diode after each
step of irradiation, measurements of the dark otramd capacitance were carried out as a
function of the reverse voltage at room temperafline known temperature effect [3] on the

dark current data was corrected adopting 20°Ceaeeflerence temperature.

The results obtained for IXV and CxV are presente&ig. 2 and Fig.3, respectively. For
comparison, in Fig.2 it is also presented the Ig¥utts obtained with the STFZ diode before
the irradiation (0 kGy).

The analysis of the Fig.2 evidences that the darkeat increases with the accumulated dose
due to the defects presented in the bulk of thecdeWhese defects can be play as trapping
center and moreover, they also can emit alterrigtelectrons and holes which leading to the
increase of the dark current [2].
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Figure 2. Dark current of the diode as a function
of reverse voltage.

The CxV curve depicted in Fig.3 shows the typicalamic capacitance response of junction
diodes due to the increase of the depletion layiekmess with the reverse voltage. As can be
seen in Fig. 3, the results obtained with the dimdediated at different accumulated doses
agree within the experimental errors. These resaitts confirmed in Fig. 4 where are
presented the full depletion voltage, obtained friime CxV curves, as a function of the
accumulated dose.

From Fig. 4, it is possible to conclude that therao change in the full depletion voltage of
the STFZ diode even when it is irradiated with doge to 460 kGy.
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Figure 3. Variation of the diode capacitance as a
function of reverse voltage.
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Figure 4. Full Depletion Voltage as a function of
the accumulated dose in the device.

3. CONCLUSIONS

The preliminary results show that the STFZ diodek daurrent increases as a result of the
radiation damage effect produced by gamma rays ff@ sources. Conversely, it was not
observed any change on capacitance and full deplebltage of the diode irradiated with

accumulated doses up to 460 kGy. This result inescthat this device is a good candidate
for semiconductor dosimetric applications in hanastiation environment.
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