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ABSTRACT  

 Indium gallium nitride (InGaN)-based devices are potential candidates for integration 

into Air Force communication and sensor platforms. In this study, the electrical and optical 

properties of 8 MeV electron irradiated Light Emitting Diode (LED) Chips are characterized for 

deep level defects using Deep Level Transient Spectroscopy (DLTS), I-V and spectral response 

measurements. The objective of the present study is to assess the radiation tolerance of LEDs 

when they need to be operated in a radiation rich environment. When InGaN is exposed to a 

beam of electrons, it is found that five different electron traps are generated with activation 

energies ranging from 0.2 - 2.0 eV. Three of these traps correspond to radiation-induced traps 

previously reported in GaN, and they are found to deepen significantly in the energy band gap 

with an increase in electron fluence. The total trap concentration increases with increase in 

electron fluence while the carrier lifetime is found to decrease with increase in fluence. I-V 

measurements indicate that 8 MeV electron irradiation does not have any significant effect on the 

operating voltage. There is no significant change in dominant wavelength of the emission spectra 

of LED chips, suggesting GaN-based LEDs seem to be radiation tolerant up to electron fluence 

of the order of 6.8x 10
14

 electrons/cm
2
.  

Key words: LED, electron irradiation, deep level defects, DLTS measurements, emission spectra.  

1. INTRODUCTION  

 Indium Gallium nitride/gallium aluminium arsenide/gallium nitride (GaInN)-based 

materials have attracted considerable interest owing to their potential use in optoelectronic 

devices, such as light emitting diodes (LEDs) and laser diodes (LDs)
1-3

. Indium gallium nitride 

(InGaN)-based devices are attractive candidates for integration into future Air Force 

communication and sensor platforms, including those that must operate in harsh radiation 

environments
4
. It is generally known that devices operating in radiation environments display 

changes in the physical properties and electrical characteristics. It is useful to understand the 

radiation response of these devices to find better design strategies before employing them for 
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specific applications. By regulating the defects formation, one-can optimize electrical 

characteristics of the device to the required leve1
5
. Also, the electrical properties of the device 

such as forward voltage drop, reverse recovery charge before and after irradiation is extremely 

helpful in estimating the lifetime of the devices working in radiation environment
6
.  

 

 The present studies on high-energy electron irradiation induced effects in LED chips are 

carried out with an objective to investigate modifications in optical and electrical characteristics 

and to identify the defects, which could be responsible for the modification.  

 

2. EXPERIMENTAL  

 The chips of green colour LEDs made out of p - and n-type layers of InGaN grown over 

sapphire substrate of thickness 100 ± 10 µm prepared by M/s. LED Rep. (Division of M/s. AXT, 

USA) were used in this study. The LED chips (without encapsulation) of area 375 x 325 µm
2
 

were selected for comparison. The die bonding (epoxy bonding) and wire (gold) bonding of the 

chips were done at M/s Bharat Electronics Ltd, Bangalore. Diameter of both n- and p- type gold 

contact pads is 90 ±10 µm and thickness of the gold pad is 0.5-1 µm.  

 

 I-V measurements of LEDs before and after electron irradiation were carried out using 

Keithley Source and Measurement Unit (SMU 236) interfaced to a computer. Emission spectra 

(Spectral response) at room temperature are obtained on the prepared samples using the set-up 

consisting of a SMU, a monochromatic grating and Ge/Si photo detector. The LEDs are powered 

up using a SMU and all the spectra were recorded at a constant current of 70 mA. The width of 

the emission line (FWHM) and dominant wavelength of LEDs before irradiation are determined. 

The samples are irradiated with a beam of 8 MeV electrons at room temperature to a fluence of 

1.5 x10
14

 e/cm
2
, 4.2 x10

14 
e/cm

2
 and 6.8 x 10

14
 e/cm

2
. Electron irradiation was carried out at 

Variable Energy Microtron Center, Mangalore University, Mangalore. The I-V and emission 

spectral measurements are performed after each fluence. DLTS spectra are recorded using IMS-

2000 DLTS system (M/s. Lab Equip, India) for both unirradiated and irradiated LEDs of the 

same colour. The trap concentration; activation energy and capture cross-section of different 

deep levels are determined by DLTS spectra. 
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3. RESULTS AND DISCUSSION 

 I-V measurements have been made on the LED chips before and after electron 

irradiation. However, no significant changes in the I-V characteristics are observed even after 

exposing the chips to highest electron fluence of the order of 10
14

 e/cm
2
.  

 

3.1 Spectral response  

 The Spectral response is one of the main optical techniques used to characterize the 

emission of LEDs. The emitting light will have certain wavelength, which corresponds to a 

certain colour. However, light emission from LED is not strictly monochromatic. There will be 

certain spreading in the spectral response distribution. For LED applications, it is useful to know 

the spread in spectral response. The emission linewidth (FWHM) and dominant wavelengths of 

LEDs before and after irradiation were determined. Fig.1 (a), (b) and (c) exhibit normalized 

emission spectra of LEDs before irradiation and after irradiation to three different electron 

fluences. The full width at half maximum (FWHM) of the emission spectra of green LED chip 

before and after irradiation is roughly the same. However, spectral responses of the post-

irradiated devices show more uniformity compared to the pre-irradiated devices. A small shift 

observed in the peak wavelength suggests that electron irradiation might have introduced 

additional defect levels. A decrease in brightness, efficiency, and peak spectral intensity of the 

emission lines upon irradiation can be explained by a change in carrier lifetime where the light 

intensity for a linearly graded LED is given by
7
 

L = C 𝜏 exp (qV/kT) 

where C is a constant,𝜏 is the carrier lifetime and all other symbols have usual meaning.  

 

 

 

 

Fig. 1. Emission spectra of LED Chips before and after electron irradiation at fluences (a) 1.5 x 

10
14

 e/cm
2
 (b) 4.2 x10

14
 e/cm

2
 and (c) 6.8 x 10

14
e/cm

2
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3.2. DLTS measurements  

 In principle any incident particle, such as high-energy electrons, can damage LEDs both 

through ionization and displacement
8
. Ionization is a surface effect whereas displacement 

damage is a bulk phenomenon which results in the creation of defects such as point defects 

(vacancy or interstitial) divacancy, Frenkel pair, vacancy-impurity complexes namely A-center, 

di-interstitial or higher order complexes called D-center and E-center (vacancy donor/acceptor)
9
. 

The deep level defects introduced due to the electron irradiation of LEDs are best characterized 

by using DLTS technique. DLTS is a high frequency capacitance transient thermal scanning 

method useful for observing a wide variety of deep level defects in semiconductor devices
10

. The 

DLTS spectrum is plot of difference in capacitance (δC) versus temperature. The trap 

concentration (NT) can be determined by knowing peak height (δCmax) in the DLTS spectrum. In 

the DLTS characterization, the capacitance transients of p-n junction at different temperatures 

are recorded. The time constant (𝜏) for the given capacitance transient, activation energy (Ec - 

ET) and capture cross section (𝜎) of the deep levels are related to each other as,  

𝜏T
2
=

exp ⁡[(𝐸𝑐−𝐸𝑇/𝑘𝑇]

𝛾𝜎
 

where 𝛾 is the material coefficient and all other symbols have their usual meaning 
11

. A plot of ln 

(𝜏T
2
) versus (1000/T) is known as Arrhenius plot, the slope of which yields the activation energy 

of the trap and intercept in [1/( 𝛾𝜎)] gives the capture cross section (𝜎). The DLTS spectrum 

recorded before and after electron irradiation exhibits five well behaved peaks corresponding to 

electron traps (spectrum not shown). Fig. 2 shows an Arrhenius plots for all five deep levels. 

Five minority carrier deep level defects labeled Ell, El2, E13, E14 and E15 are observed in the 

DLTS spectra of electron irradiated LED with fluence 1.5 x 10
14

 e/cm
2
. Defects labeled E31, 

E32, E33, E34 and E35 are observed with electron fluence of 6.8x10
14

e/cm
2
. The identification 

of the deep  

levels are made on the basis of their activation energy. The defect levels E11, E12, E31 and E34 

correspond to activation energy of 0.30, 0.264, 0.578, and 0.993 eV respectively reported by 

C.D.Wang et al
12

. Three of these defect levels correspond to the radiation-induced traps 

previously reported in GaN, and they are found to deepen significantly in the energy band gap 

with increase in fluence.
13

 As the fluence increases, the carrier lifetime decreases suggesting that 
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the radiation-induced defects may act as scattering centers and cause the carrier mobility to 

decrease (Table 1). The radiation-induced levels in the bandgap can give rise to five processes: 

generation, recombination, trapping, compensation, and tunneling. In principle, any combination, 

or all, of these processes can occur through the same level. The role a particular level plays 

depends on variables such as carrier concentration, temperature, and the device region in which it 

resides
8
. 

 

Fig.2. Arrhenius plot of emission rate and temperature for the five defect levels detected by 

DLTS. Activation energies are obtained from the slopes of the lines corresponding to each level. 

 

Table 1. DLTS data for electron irradiated LED for two different fluences. 
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 The direct band gap energy of wurtzite GaN and InN are 3.4 and 0.8 eV respectively. 

This work essentially signifies that InGaN LED has trap levels within the band gap. The 

radiation induced trap level could be due to the tunneling of carriers through a potential barrier 

by means of defect levels. This defect-assisted (also called trap-assisted) tunneling process can 

cause device currents to increase in certain situations. For example, there may be a defect-

assisted tunneling component of the reverse current in a p-n junction diode
8
. Nevertheless, the 

radiative defects within the space charge region must be insensitive to lifetime damage, and 

hence are unaffected by displacement damage effects until the radiation level is high enough to 

cause carrier removal. It can beconclude that at the injection levels (the density of minority 

carrier when the junction is forward biased) corresponding to typical regions where the LEDs 

considered in this study are operated, radiation recombination within the space charge region is 

not a significant factor. It may, however, affect device operation at low injection level, as well as 

at low temperature
14

. 

 

4. Conclusion 

 The 8MeV electron irradiation on GaN-based LED chips does not have any significant 

change in the I-V characteristics up to the fluence level of 6.8X10
14

e/cm
2
, however emission 

spectra reveals that there are some defects which are present in the pre-irradiated samples as well 

as post- irradiated samples, which correspond to the defects which have been identified for n-

GaN grown by MOCVD process and three of these traps correspond to radiation-induced traps 

previously reported in GaN. In addition to these, this work suggests that electron irradiation has 

introduced two more defects.  
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