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Abstract: This paper describes the effect of 30- and 60- \B@von ion and Gamma ray (Co-60) irradiation
effects on silicon photo detector (MRD 500 Motoroianufactured) for various fluence/doses. The dsvire
systematically investigated by |-V and C-V measweta. The radiation induced electrical degradatson
studied from I-V measurements. C-V measurementsnade to estimate the effect of irradiation ondbping
concentration of the devices. The characteristiediad in this investigation show that Si PIN phditales are
suitable for use in high radiation environment.
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Introduction

Radiation induced effects in PIN photodiodes haeenbinvestigated using gamma[l] and neutron[2], and
proton[3] irradiation. It is useful to note thatNPphotodiodes are similar to solar cells in thathbare pn-
junction devices which differ in their mode of ogtton and junction characteristics. A substantiabant of
work has been carried out on the effect of elestramd gamma radiation on silicon solar cells [4,%jéh an
emphasis on the reduction of their output power til@nother hand, the work reported here is condewith
irradiation induced degradation in electrical aagacitance response of PIN diodes. This paper msesesults

of 30 MeV B*and 60 MeV B*ion and C8& gamma ray irradiation effects on silicon photcedér.

Experimental details

lon irradiation has been performed at 15 UD 16 Mdlldron Tandem Vande Graff Accelerator facilitegts
Inter University Accelerator Center (IUAC), New Belindia. Boron ion fluence is varied from 1X4@o
1x10% ions cn¥ and gamma irradiation is performed using Co-60mgamay source with the dose rate 7.275
KGy/hr and total dose ranging from 0-500 KGy atmaemperature. |-V and C-V characteristics are nnesbs
before and after the irradiation using Keithley @4@urce meters and Bontoon — capacitance metafaoed

to a computer.
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Figure 1. Variation of forward current as a function of \age for 30MeV and 60 MeV B ion
irradiated (a) without Decapina (b) with decappeRD-500 Photo Diod

Results and discussions

The electrical response of each diode was measafede and after irradiation to a particular fluenk view

of the fact that we express the electrical respamgerms of the ratio of the photocurrents of tested and
reference diodes, it is useful to keep the absdffteiency in mind. Figure (a) shows the variatiwinforward
current before and after exposure to various flasraf 30 and 60 MeV boron. It seems for 30 and\Vé&v
boron ion irradiation, the diode is unaffected aplk 1G*ions cn. This shows that there is no spreading of
resistance. However, for 30 MeV boron ion of fluerix13? ions cn?, the device behaviour is abnormal,
indicating an increase in the resistance of thguphtion.

In order to verify the degradation of the devicerfadiation, three diodes are selected whose pgre¢ecaps are
removed and exposed for 60 MeV boron ions, and #dectrical response is presented in Figure 1(bY.
Measurements shows there is a variation in thedmveurrent, which may arise due to the spreadfritpeo
junction resistance.

Irradiation of semiconductors with high energy jmdes displaces atoms and damages the lattice,

thereby introducing new energy levels in the baag.drhese defects act as recombination centreshwhic
decrease the minority carrier lifetime. Since PINd#s have large depletion widths, irradiation et
changes in this region have a significant effecthendiode photocurrent. When silicon surface bandetectors
are irradiated with protons, damage produced irddetion region increases the depletion widthacaance.
The capacitance is proportional to the dopant tgnie observed increase indicates that the ateddéects
have a net positive charge (donor behaviour). |-&asurements for gamma irradiated photo detectawssho
small increase in current with increase in gamneedbleavy ions can directly produce displacememadgs
in bulk of photo diode similar to electrons, neas@nd protons. Displacement damage studies pextbusing
heavy ion irradiation, which produce predominargiylated defects, are important both from basiersm as
well as technological point of view. Majority ofdtdisplacement damage is due to the non-ionizieggeross
(NIEL). To strengthen this study one has to perfdiner mono energetic irradiation lpyrays. In other words,
these devices need to be tested for Co-60 gammdidtion to determine their sensitivity to Totahiltng
Dose (TID).

Figure 2 (a) exhibits a plot of capacitance versekdage of photo diode. Upon irradiation, thereais
considerable decrease in the capacitance withdeerin fluence for 30 MeV ion. On the other hahédre is a
decrease in capacitance for 60 MeV ion irradiatiéor. the decapped devices, decrease in capacitsustd
larger. Figure 2(b) exhibits a plot of capacitameesus voltage of photo diode irradiated wiBio gamma ray.
Upon irradiation, there is no considerable degiaddh capacitance. For decapped device theredsedse in
capacitance. This would indicate that there isréigiddoss of charge carriers in tpha-junction upon irradiation.
The decrease in capacitance for decapped devicéeadyo an increase in doping concentration. Vargation
plays an important role in conduction of the devitke effect of variation of the doping concentatbf the
device may also vary spreading resistance optkenction.
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Figure 2. (@) Capacitance measurements for B ion irradiated MB@photo diode. (b) Co-60 gamma
irradiated MRD 500 photo detector

Conclusion

In this study, 30, 60 MeV boron ion and 60Co gan(h275 KGy/hr) irradiation effects on photo detecto
(MRD-500) have been investigated through |-V an¥ Gieasurements. It is observed that for 30- and 60-
MeV boron ion irradiation, the diode is unaffectgato 1x 16" ions cn?. This shows that there is no spreading
of resistance. However, for 30 MeV boron ion ofefige 1x1¢& ions cn¥, the device behaviour is abnormal,
indicating an increase in the resistance ofghgunction. MRD 500 photo detectors are sensitivgamma
irradiation above the total dose of 11.5 kGy. Fecapped device, there is a considerable degradation
capacitance. This would indicate that there isrigddoss of charge carriers in tpa-junction upon irradiation.
The decrease in capacitance for decapped devicéeadyo an increase in doping concentration. Vargation
plays an important role in conduction of the devitke effect of variation of the doping concentatbf the
device may also vary spreading resistangangtinction.
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