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ABSTRACT

The studies on the effect of electron irradiation on commercially available light emitting diodes (LEDs) have been
studied in this work. The electron irradiation on LEDs made of GaAs, AlGaAs, DH AS AlGaAs, GaP, AllnGaP,
GaN, and InGaN are undertaken. All the devices are irradiated under unbiased conditions. The electron irradiation
effects on the current voltage, light output versus forward bias current and bias voltage characteristics of the LEDs
are studied. A thermal annealing study also carried out on the irradiated LEDs having metal package.
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INTRODUCTION

The study of radiation effects in semiconductorides has been an important area of research torstadd the
fundamental physics of semiconductors as well ahédoapplications of semiconductor materials andcgs [1].
The radiation induced defects lead to degradatibrsemniconductor device parameters. The developroént
radiation-resistant devices is an active area eéamch for the application of radiation resistaavices in the
radiation harsh environments like space missiogh lanergy particle colliders, and military equiptsef2]. The
optoelectronic devices are important componentsgace and military applications. The radiatiorucetl defects
influence the absorption or generation of lightojptoelectronic devices and hence the degradatidheoflevice
characteristics [3-6]. In this work, the effect 8f MeV electron irradiation on the electrical paréeng of
commercial LEDs has been carried out.

MATERIALSAND METHODS

The commercial LEDs having TO-46 metal can packagevell as plastic package were used in this stlitig.
metal can package LEDs were Honeywell make infr&3aés LED SE3455 with peak emission wavelength 935
nm and AlGaAs LED SE3470 with peak emission wavglei880 nm. The plastic package LEDs were: (1) ld&wl
Packard make DH AS AlGaAs HLMP-C115 red LED withakevavelength 645 nm, (2) Hewlett Packard make
GaP HMLP-3950 green LED, (3) Hewlett Packard mak@aAlP HLMP-EG 30- MQOOO red LED with peak
wavelength 626 nm, (4) Kingbright make GaN on SiEDLL-53 MBE blue with peak emission wavelength 430
nm, and (5) Kingbright make InGaN on SiC LED L-7Y@3C-E LED green with peak emission wavelength 518
nm. The irradiation is carried out at Microtron tren Mangalore University with 8 MeV electrons. Tinediated
LEDs are characterized by forward current-voltalight output versus forward bias current and biadtage
measurements. The post annealing effects on theaatkastics of the irradiated metal can packagésGand
AlGaAs LEDs are also studied. The current voltageasurements are carried out using Keithley 236csour
measure setup. A phototransistor (Fairchild maké@)lis used for the measurement of LED light outpsithe
photocurrent output of the phototransistor. Thstpwadiation annealing of the irradiated metal package GaAs
and AlGaAs LEDs are carried out for 30 minutes eatch00, 150, 200, 250 and 300
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RESULTSAND DISCUSSION

Fig. 1and 2 shows the forward current - voltagerattaristics of the electron irradiated metal c@&seAs and
AlGaAs LEDs, respectively. In the generation-rebamtion region of the current-voltage charactasstan
increase in forward current is observed in both tE®s as the irradiation dose is increased. Thiicates an
increase in generation-recombination related ctider to irradiation induced defects in the depletiegion of the
LED. Also, in both GaAs and AlGaAs LEDs, an irratha induced decrease in the forward diode curisnt
observed in the high-level injection/series resistaregion of the diode with increase in irradiatitmse. This is due
to the defect creation in the neutral region ofdiee. Fig. 3 and 4 shows the current — voltdgeracteristics of
GaAs and AlGaAs LEDs after successive annealin@@minutes at temperatures 100, 150, 200, 2503a6tC,
respectively. A slight recovery in the currentoltage characteristics is observed after postimtanh annealing.
That is, decrease in the generation-recombinaggion current and increase in high-level injecsenies resistance
region current is observed. This indicates théigdaannealing of the irradiation induced defeétsimilar behavior
in the light output of the LEDs is observed witealon irradiation and post irradiation annealisgshown in Fig. 5
to 8. Fig. 5 to 8 shows the light output (deteatorrent) versus forward current as well as forwastlage for the
LEDs before irradiation, after 30 kGy electron diation, and 30%C post irradiation annealing for 30 minutes.
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Fig. 1 Current versus voltage of GaAs LED at various accumulativeirradiation doses

40
Scholars Research Library



K Gopalakrishna Naik et al

Arch. Phy. Res,, 2013, 4 (1):39-48

i T T T T T T T T N
0.10 H —®=— unirradiated
—e— 1 KkGy irradiated
| —A— 2 kGy irradiated
—v— 5 KkGy irradiated
0.08 H —e— 10 kGy irradiated
—_ —<— 20 kGy irradiated
< | —»— 30 kGy irradiated
o 0.06 |
5
O R
5
g 004}
s
(]
u =
0.02 |-
0.00 po—s—e—s—g—o—s—s—s—g=t= i}i = 2 i
0.8 0.9 1.0 1.1
Forward Voltage (V)
Fig. 2 Current versusvoltage of AIGaAsLED at variousaccumulative irradiation doses
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Fig. 3 Forward current versusvoltage of 30 kGy irradiated GaAs L ED with annealing
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Fig. 5 GaAsLED light output versusforward current
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Fig. 7 AlGaAsLED light output versusforward current
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Fig. 8 AIGaAsLED light output versusforward voltage

The plastic package DH AS AlGaAs, GaP, InGaAlP, Gahtd InGaN LEDs were irradiated at room tempeeatur
with accumulative dose of 1 kGy to 50 kGy. Theeeffof irradiation on the current-voltage chardstes of DH
AS AlGaAs, GaP, and InGaAIP LEDs are very simitathat observed in case of GaAs and AlGaAs LEDsysh

in Fig. 9 - Fig. 11. However, as shown in Fig.drtl 13, no change in the current-voltage chariatiter of the
GaN and InGaN LEDs are observed with irradiatidns found that the electron irradiation leads émdation in
the plastic case LEDs. Therefore, we could not amaphe light output (detector current) versus ovcurrent or
forward voltage for these LEDs before and aftecteta irradiation.
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9 Current versus voltage of DH AS AlGaAs LED at variousaccumulativeirradiation
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Fig. 10 Current versusvoltage of GaP LED at various accumulativeirradiation doses
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Fig. 11 Current versusvoltage of InGaAlP LED at various accumulativeirradiation doses
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Fig. 12 Current versusvoltage of GaN LED at various accumulative irradiation doses
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Fig. 13 Current versusvoltage of InGaN LED at various accumulative irradiation doses
CONCLUSION

The study of the effect of 8 MeV electron irradiatiis carried out on commercial LEDs. In the gatien-

recombination region of the current-voltage chamastics of GaAs, AlGaAs, GaP, and InGaAIP LEDs jrecrease
in forward current is observed as the irradiatiarsal is increased. This indicates an increase irergéan-

recombination related current due to irradiatioduiced defects in the depletion region of the LERso, an

irradiation induced decrease in the forward dioderent is observed in the high-level injection/esrresistance
region of the diode with increase in irradiatiorsdalue to the defect creation in the neutral regfcthe diode. A
decrease in the light output also observed intadl LEDs after irradiation, indicating the decreaseadiative

recombination and increase in nonradiative recoatlin due to radiation induced defects. The poatliation

thermal annealing is carried out on metal packag@&<zand AlGaAs. Annealing leads to partial recgverthe

device characteristics. However, in the case of Gald InGaN no noticeable change in the currenttagel

characteristics is observed even after electradiation dose of 50 kGy.
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